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Among the reasons behind construction of the light rail system in the 1990s and 
2000s and currently the FasTracks lines, in Denver metro region, has been reduction of 
traffic congestion and consolidation of land use. This research analyzes the success of the 
rail transit system in achieving the above-mentioned goals.  
A temporal and spatial analysis of Vehicle Miles Traveled (VMT) data from 1992 
to 2008 on the highways in Denver has been conducted to determine if traffic congestion 
has reduced after the initial light rail service began in 1994. Temporal analysis provides 
an insight into the changes in the level of highway traffic before and after the opening of 
three segments (Central, Southwest, and Southeast Corridors) of the light rail system. 
This part of the analysis also compares the traffic levels of highways affected by light rail 
with those not affected by light rail. Spatial analysis examines whether the changes have 
taken place uniformly throughout all the highways, or whether they have been 
concentrated on particular highways. Results indicate that light rail has reduced level of 
traffic along some of the adjacent highways for a short period of time. Overall, the three 
light rail corridors in operation have succeeded in lowering the rate of increase in the 
level of traffic on highways near the rail transit as compared to highways not near the rail 
transit. 
Change in the amount of different types of land use namely commercial, mixed, 
industrial, multi-family residential, and single-family residential has been examined from 
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1990 to 2010 for Denver and surrounding counties to determine whether greater 
developments have taken place within the rail transit corridors than outside. The change 
has been analyzed in terms of total square footage of the building areas as well as land 
use density. Besides descriptive statistics, inferential statistics have been used for Denver 
County only, to determine if the changes are significantly different within and outside the 
rail transit corridors. The growth of commercial land use has been higher within the rail 
transit corridors in all the counties. The growth has been statistically significant for 
Denver County. Single-family residential land use has noticeable increased outside the 
rail transit corridors in all the counties. However, the growth has not been statistically 
significant throughout the study time period in Denver County. The other types of land 
use have not shown any consistent pattern in their growth. Overall, the present and 
proposed rail transit lines in Denver metro region have been very successful in 
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In this era, of energy crisis, traffic congestion problems, and environmental 
problems, many cities throughout the world have adopted the policy of reducing 
automobile use. Many US cities have also embarked on this path of reducing 
automobile use and have invested heavily in the expansion and maintenance of rail 
transit systems. Against this backdrop, this dissertation explores the impact of rail 
transit system on traffic congestion and urban land use, especially in the Denver 
metro region. The main research question of this dissertation is as follows: 
What has been the impact of existing and future rail transit systems on traffic 
congestion and land use of the Denver metro region?  
This research is important because it explores some rarely examined topics such as 
the impact of rail transit on traffic congestion, change of urban land use in rail transit 
served areas in relation to non rail transit served areas, and the impact of rail transit 






2. Urban Rail Transit System in US  
The first form of urban rail transit system in the US was the horse drawn omnibus, 
a horse drawn passenger car which ran on rails. Known as horse-drawn trams, horse 
trams, or horse cars, they began operating in New York City in 1832. They were 
better than their predecessors in terms of travel time, passenger carrying capacity, and 
comfort. Hence by the middle of 1800s, they were built in many other US cities, such 
as Boston, Baltimore, Chicago, Cincinnati, Philadelphia, and Pittsburg. 
In the late 1800s, commercially successful motorized forms of urban rail transit 
system started operating in the US, first in the form of cable car and then in the form 
of electric streetcar (Vuchic, 2007). By virtue of electrification, the streetcars were 
cheaper to operate, had higher carrying capacity, and faster travel speed than their 
predecessors. Due to the aforementioned advantages, they flourished throughout 
urban areas and by 1902, more than 200 cities had streetcar lines.  
Electric streetcars gave rise to the streetcar suburbs. As a result, there was a 
considerable increase in the size of cities. The shape of cities also changed from 
circular to star-shaped, as all of the developments were taking place along the 
streetcar lines radiating from the central city while the interstitial places between 
them remained undeveloped.  
During the same time period, heavy rail transit system also emerged in large US 
cities such as New York, Boston, Chicago, and Philadelphia because streetcars were 
not capable of adequately serving the large populations of these cities and their 
suburbs. The heavy rail transit systems had “higher speed and higher carrying 
capacity”, hence they further increased size of cities. On the other hand, by virtue of 
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having exclusive right-of-way, they reduced street congestion which streetcars could 
not as they were sharing the street with other modes of transport ([Knox and 
McCarthy, 2005] and [Vuchic, 2007]).   
The ridership numbers of the rail transit systems began declining in the 1920s. 
One of the primary reasons behind this decline was an increase in the popularity of 
the automobile. Automobile ownership increased from 27 million in 1930 to 52 
million in 1955 to 97 million in 1972. By 1960, streetcars were present in only a 
dozen US cities and the construction and quality of service of other forms of rail 
transit systems had also declined ([Knox and McCarthy, 2005], [Pucher, 2004] and 
[Vuchic, 2007]). 
The re-emergence of rail transit systems began during the 1970s. The main 
reasons behind this re-emergence were concern over traffic congestion, a huge 
amount of suburban growth, and the environmental problems created by the excessive 
use of automobiles. Federal, state, and local government funds were used for the 
purpose of expansion and construction of rail transit systems throughout the US 
(Pucher, 2004). In this rejuvenation phase, a new form of rail transit system—light 
rail system-- evolved.  The maintenance, expansion, and construction of rail systems 
have gained further importance in recent years, mainly because of the rise in gasoline 
prices since August, 2005 (Lane, 2009). 
Rail has been an important mode of transportation in Denver since 1870. Besides 
having a railroad connecting the city to the transcontinental railroad, Denver had an 
extensive street car system that was abandoned in June, 1950. Rail transit system 
returned to Denver in 1994 in the form of a 5.3 mile long light rail line known as the 
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Central Corridor (Griffith, 1961 and Ratner, 2001). The Southwest light rail corridor 
started operating in June, 2000 and the Southeast light rail corridor started operations 
in November, 2006. Currently the Denver metro region has three light rail corridors 
served by five lines (Inset in Figure ES.1). Another rail-based transit system – 
FasTracks – is under construction. According to the FasTracks plan, Regional 
Transportation District (RTD, transit agency of the region) in collaboration with 
Colorado Department of Transportation (CDOT) and Denver Regional Council of 
Governments (DRCOG, MPO of the region), will build 122 miles of new commuter 
and light rail lines, 18 miles of bus rapid transit, 21,000 new parking spaces and will 
improve the amenities and facilities of the present transit stations (RTD, 2012a). 
 
3. Denver Metro Region 
Denver, the largest city and state capital of Colorado, is located at the foothills of 
the Rocky Mountains. According to DRCOG, the Denver metro region, centering on 
the city of Denver, spans ten counties, namely Adams, Arapahoe, Boulder, 
Broomfield, Denver, Clear Creek, Douglas, Jefferson, Gilpin, and the southwestern 
part of Weld Counties, as shown in Figure ES.1.  
According to the US Census, the region had a population of 2.8 million in 2010 – 
an increase of 15.9% since 2000. About 21% of this population, 0.57 million, lives in 
the City and County of Denver – a decrease from 23% that lived there in 2000. The 
region has not experienced a uniform growth in population. For instance, in the City 
and County of Denver, areas served by proposed rail transit lines, experienced the 
highest increase in population (29% from 1990 to 2000 and 26% from 2000 to 2010)  
5
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when compared to areas served by present rail transit lines and areas not served by 
rail transit lines.  Among the surrounding counties, from 2000 to 2010, population 
growth was highest in Adams County, 16.66% in areas served by proposed rapid 
transit lines and 14.33% in areas not served by rapid transit lines. In Boulder and 
Jefferson counties, areas served by proposed rapid transit lines have lost population 
by 0.94% and 0.30% respectively, from 2000 to 2010.  
According to the US Census, the average population density of the region has 
increased from 696 persons/sq. mile to 811 persons/sq. mile. The average population 
density is not uniform throughout the region. It is much higher within the City and 
County of Denver, 3,880 persons/ sq. mile, than the surrounding counties because 
many of the surrounding counties include a large amount of non-urbanized area. The 
average density of population has also not increased uniformly throughout the region. 
For instance, in Denver County, areas served by proposed rail transit lines and areas 
not served by rail transit lines experienced a decrease in average population density 
by 6.18% and 1.01% respectively, from 2000 to 2010. Whereas areas served by 
present rail transit lines experienced an increase in average population density 
(9.17%). Among the surrounding counties, the highest increase in average population 
density took place in Adams County, 14.21% in areas served by proposed rapid 
transit lines and 10.62% in areas not served by rapid transit lines. In Boulder and 
Jefferson Counties, areas served by proposed rapid transit lines experienced a 
decrease in average density of population by 2.68% and 0.81% respectively, from 
2000 to 2010. 
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The region had 1.3 million jobs in 2009, a decrease from 1.4 million in 2000 
(DRCOG, 2012a). According to the US Census, number of jobs or number of people 
employed has decreased in Arapahoe, Boulder, Denver, and Jefferson counties, from 
2000 to 2010. However, Adams County has experienced an increase in number of 
people employed by 5.49% in areas served by proposed rapid transit lines and 7.91% 
in areas not served by rapid transit lines. The employment density is also not the same 
throughout the region. According to DRCOG, in 2008, the employment density was 
highest in the traditional downtown area and Denver Technological Center (DTC, the 
only edge city of the region). The employment density was also high in some of the 
other places such as City of Boulder (Boulder County) and Federal Center on 6th 
Avenue (Jefferson County) (DRCOG, 2012a). 
 
4. Impact of Light Rail and FasTracks on Traffic Congestion in the Denver 
Metro Region 
 Presently, Denver is the 15th most congested city on the INRIX National Traffic 
Scoreboard1 (2009) with Los Angeles, New York, and Chicago topping the list. 
Traffic congestion in Denver has increased faster in comparison to the entire US. 
From 1982 to 2007, delay per peak traveler in Denver has increased by 181% 
(compared to 157% for US) and congestion cost per person by 482% (compared to 
161% for US) (Schrank and Lomax, 2009). To curb this growth in traffic congestion, 
the light rail system has been built in Denver and presently another rail-based transit 
system, FasTracks, is under construction. There is no published work regarding the 
effect of light rail on traffic congestion on the Denver metro region. To fill this void 
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in the literature, this dissertation analyzes the effect of light rail on traffic congestion 
– whether light rail has succeeded in relieving traffic congestion. The dissertation also 
draws inferences regarding the capability of FasTracks to alleviate traffic congestion. 
4.1 Methods 
The methodology has been adopted from an unpublished report of the RTD on the 
Southwest light rail corridor. In the report, RTD has analyzed the situation of traffic 
congestion in terms of Vehicle Miles Traveled (VMT) on Santa Fe drive (a highway 
parallel to the Southwest corridor) for 2000 and 2001, considering the fact that the 
Southwest corridor opened in 2000. In this study, traffic congestion has been measured in 
terms of VMT as well as Volume to Capacity ratio (V/C ratio) (For further information 
about VMT and V/C ration refer to Chapter 2). The temporal and spatial scale of analysis 
has also been broadened for a better understanding of the impact of light rail on traffic 
congestion in the Denver metro region.  
4.2 Study Area and Time Period 
Figure ES.2 clearly depicts the study area. It consists of all the highways 
influenced by the three light rail travel corridors (Central, Southwest, and Southeast) 
served by five lines namely C, D, E, F, and H. The influenced highways have been 
marked on the basis of the knowledge of the author and experience with riding the light 
rail. Table ES.1 gives a more detailed idea about the highways influenced by each light 
rail corridor. For instance, Central corridor influences parts of I-25, Federal Boulevard, 




light rail but are within the circumferential beltway of the Denver metro region have also 
been included in the study.  
The temporal analysis has been done for a period of 16 years from 1992 to 2008. 
This time period has been selected because the first light rail corridor started operating in 
1994 and the most recent light rail corridor started operating in 2006. 
 
4.3 Data Collection and Processing 
As mentioned before, traffic congestion has been measured in terms of VMT and 
V/C ratio. VMT has been calculated for each highway within the study area from Annual 
Average Daily Traffic (AADT) data (For further information about AADT refer to 
Appendix A) and the length of the road segments data collected from CDOT. The AADT 
data was collected in two phases. In the first phase, CDOT provided AADT from 1992 to 
2007. In the second phase, CDOT provided an ESRI shapefile2 with the AADT of 2008 
and length of the road segments. CDOT also provided the V/C ratio data.  
The two files with AADT data were joined on the basis of unique ID numbers, 
length of the road segments, and beginning and ending point of the segments. Due to 
some inconsistencies, the join was not successful for all the road segments. The road 
segments that did not have AADT data from 1992 to 2008 were eliminated. The AADT 
was then multiplied with the length of the road segments to calculate the VMT for sixteen 
years. The VMT data was used to find out the changes in traffic condition from 1992 to 
2008. The data was also used to calculate the percentage changes in traffic condition. An 
attempt was made to estimate the change in VMT and percentage change in VMT for the 
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eliminated road segments through Focal Mean Statistics tool of ArcGIS 9.3.1. However, 
due to the large unavailability of data, the value of the road segments on C-470 could not 
be estimated.  
The V/C ratio, also collected from CDOT, was used as a supplemental data along 
with VMT to understand the change in traffic condition. Unfortunately, due to 
inconsistencies within the dataset, only 2003 and 2008 data could be used for the 
analysis. 
4.4 Results and Discussion 
Change in average VMT: Figure ES.3 depicts the changes that have taken place in 
traffic condition, in terms of average VMT, along the highways influenced (Figure 
ES.3A and ES.3 B) and not influenced (ES.3B and ES.3C) by light rail in the Denver 
metro region. The important findings are as follows: 
o In 1994, the year light rail service began in the Central Corridor, VMT 
values dropped, not only for highways influenced by the light rail but also 
for those not influenced by the light rail. Hence it is difficult to conclude 









o The VMT values of most of the highways experienced some drastic 
changes during the opening of the Southwest corridor in 2000. . The VMT 
values increased throughout the metro region during 1999-2000 with the 
amount of increase being higher along the highways influenced by light 
rail. In 2000-2001, the average VMT increased by 7.64 throughout the 
metro region. On the contrary, highways influenced by light rail 
experienced a decrease in average VMT by 1960. 32. It is difficult to say 
whether the higher increase in VMT along the highways influenced by 
light rail in 1999-2000 took place due to beginning of light rail operation. 
However, the decrease of VMT along the highways influenced by light 
rail can be attributed to beginning of light rail operation since it was not 
noticed in the other parts of the metro region.  
o The Southeast corridor opened in 2006 and since then there have taken 
place a consistent decrease in the VMT values of the highways influenced 
by light rail. The decrease in VMT values during 2005-2006 was 
concurrent to the decrease in VMT values throughout the metro region. 
The decrease was, however, more along the highways influenced by light 
rail than the others. In 2006-2007, the VMT values reduced only along 
highways influenced by light rail and therefore this trend can be attributed 
to the opening of the light rail corridor.  
o The Southeast corridor did not reduce traffic on I-25S and I-225 (ES.3B) 
even for a short period of time. Most probably because both these 
highways were widened at the same time and due to the added road 
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capacity the congestion levels were not repelling enough to convert large 
number of automobile users to light rail users and decrease the overall 
VMT.  
 
Percentage change in VMT: Figure ES.4 and ES.5 depicts changes in traffic 
condition along the highways in Denver metro region in terms of percentage change in 
VMT. The important findings are as follows:    
o In 1999-2000, the average change in VMT in the metro region was 9.24%, 
whereas most parts of the highways influenced by light rail observed a 
greater amount of traffic increase from 10%-25% and 25%-50% (Figure 
ES.4B). In 2000-2001, the amount of traffic increase reduced drastically 
throughout the region to 0.92%. Highways influenced by light rail 
experienced a remarkable decrease in traffic and most of their sections 
belonged to the classes below 0% change in VMT (Figure ES.4C). Hence, 
along highways influenced by light rail, traffic increased at a greater pace 
in 1999-2000 and traffic decreased in 2000-2001 in contrast to increase of 
traffic in the entire metro region. These results are similar to the results of 







o In 2005-2006, the general trend of the region was 3.87% decrease in 
traffic. The highways influenced by light rail belonged to the class of 10% 
decrease to 10% increase in traffic (Figure ES.5B). Hence light rail service 
did not exacerbate the regional trend of traffic change in 2005 as was 
depicted by the average VMT analysis. In 2006-2007, the results of 
percentage change in VMT analysis coincided with the results of the 
average VMT analysis. There was an average increase of 3.02% in traffic 
throughout the region during this time. In contrast, the majority of the 
highways influenced by light rail except Santa Fe drive and Federal 
Boulevard experienced a reduction of 0% to 10% (Figure ES.5C). 
 
Change in V/C ratio: Figure ES.6 compares the V/C ratio of 2003 to the V/C ratio 
of 2008. The important findings of this comparison are as follows: 
o The traffic condition of Denver metro region improved from 2003 to 2008. 
However, it is difficult to attribute this improvement to beginning of light 
rail service because in 2008 the amount of traffic decreased throughout the 










In Denver, the three light rail corridors succeeded in reducing the volume of 
traffic of some of the highways in their vicinity for a short period of time. The light rail 
lines of the Southwest corridor began service in 2000 and they may have contributed to 
decrease of traffic on Colfax Avenue, Federal Boulevard, Hampden Avenue, Santa Fe 
drive, and University Boulevard in 2000-2001. At the same time, the traffic volume in the 
other parts of the metro region increased which provides more supporting evidence that 
the traffic reduction in the highways near the light rail took place due to light rail service. 
The same situation was repeated in 2006-2007, a year after the light rail lines opened 
along the Southeast corridor. This time in addition to reduction in the traffic volume of 
the above mentioned roads, the traffic of Colorado Boulevard, Parker road, and I-225 also 
decreased in contrast to the increase in traffic in the rest of the region. The light rail line, 
however, did not have any impact on I-25S because this Interstate highway was widened 
just before opening of the light rail lines increasing its carrying capacity. 
From the impact of the present light rail lines it is difficult to conclude that FasTracks 
will drastically reduce traffic congestion in the Denver metro region. However, it may 
have a better performance because of the following four reasons: 
o FasTracks will serve a larger area of the Denver metro region 
o FasTracks project is multi-modal in nature 
o FasTracks will have a better feeder bus network 
o FasTracks will be built when people already have an idea about the advantages of 
light rail and hence may attract more riders. 
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5. Impact of Rail Transit on the Denver Metro Region: Land Use 
One of the expectations from the rail transit systems built or rejuvenated since the 
1970s was that they would attract a majority of the developments in urban areas (Huang, 
1996). That would led to a reduction in automobile use as people living near the rail 
transit lines would increasingly use rail transit to accomplish their daily chores. With 
reduction in the use of automobiles, various problems associated with them will also 
decrease.  
In the Denver metro region the attempt to consolidate land use around the rail transit 
lines by creating transit oriented development (TOD) zones began in the 1990s with the 
publication of long range plans such as Blueprint Denver and Metro Vision 2020. Today, 
each present and proposed rail transit station in the metro region either already have a 
TOD around it or a plan for creating a TOD. The TOD zone initiatives can be considered 
successful in terms of the amount of developments that have taken place within the rail 
transit corridors. From 1997 to 2010, approximately  
“18,000 residential dwelling units, 5.3 million square feet of retail space, 5.4 million 
square feet of office space, and 6.2 million square feet of medical space were 
developed within one half mile of existing and planned transit stations” (Ratner and 
Goetz, 2011: 16). 
 
However, it should be noted that similar kind of dense, mixed use developments, as 
supported by TOD, are taking place in other parts of the metro region as well such as 
Lowry (Denver County), Belmar (Jefferson County), and Prospect town (Boulder 
County). Hence, this section of the dissertation aims at comparing the developments 
within the present and proposed rail transit corridors (a rail transit corridor is considered 
to be a area within half mile on either side of the rail transit line) with those outside the 
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corridors. The results will help to understand if the amount of urban development within 
the rail transit corridors is different from outside the corridors. 
 
5.1 Methods 
The methodology of this study has been adopted from the study on Bay Area Rapid 
Transit (BART) by Cervero and Landis’ (1997) and the study on Washington 
Metropolitan Area Transit Authority (WMATA) system by Green and James (1993). In 
the study on BART, Cervero and Landis (1997) compared the changes in the BART 
served areas with the non-BART served areas in three different ways. First, the changes 
in total population and employment and changes in population density and employment 
density have been compared. Second, changes in the total square footage of the building 
areas for different land use have been compared. Third, by calculating floor area ratio3 
the land use density has been compared. In this study, the rail transit served areas and non 
rail transit served areas have also been compared in the above mentioned ways. However, 
a few differences between this study and that by Cervero and Landis (1997) are as 
follows. First, the population and employment data have been compared in less detail. 
Second, change in land use density has been compared by calculating kernel density4 
through ArcGIS instead of floor area ratio. Third, in this study, only for Denver County, 
there are three types of study regions for the purpose of comparison: rail transit served 
areas, proposed rail transit served areas, and non rail transit served areas. However, for 
the analysis of the other counties there are two study regions as in BART study. The 
delineation of the study regions have been done on the basis of the methodology 
explained by Green and James (1993) and is different from the BART study. Fourth, in 
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the BART study, only descriptive statistics was used. In this study, to compare change, in 
the square footage of the building areas of different land use and land use density, 
inferential statistics have also been used for Denver County.  
Green and James (1993) compared the population and employment changes of Traffic 
Analysis Zones (TAZs) served by WMATA system with those not served by WMATA 
system. The authors conducted a t-test to compare the means of the two study regions and 
examined whether the changes taking place in the two regions were significantly 
different. In the current study, for Denver County, statistical significance tests have also 
been conducted to examine whether the changes taking place within the present rail 
transit corridors, proposed rail transit corridors, and areas outside rail transit corridors in 
terms of total square footage of building areas and land use density is significantly 
different. However, an alternative of the t-test, the Wilcoxon/Kruskal-Wallis test – a 
nonparametric test – has been used for the following reason. In this study, total square 
footage of the building areas of different land use and land use density have been 
examined instead of population and employment. Hence the dataset used does not have a 
normal distribution, which is a prerequisite for conducting t-test (Lind et al., 2010). The 
statistical significance test has been conducted through JMP statistical software package. 
The WMATA study has also influenced the process of delineation of the study regions. 
Like the WMATA study, in this study too geographical units lying within half-mile of the 
rail transit lines are considered to be within the rail transit corridors. The non rail transit 
served areas include rest of the urbanized area of the counties. However, in this study 
census tracts or land parcels have been considered instead of TAZs. 
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5.2 Study Area and Time Period 
Figure ES.7 depicts that all the census tracts and land parcels within the City and 
County of Denver have been included in this study. The census tracts have been divided 
into three study groups: census tracts with present rail transit corridors (45), census tracts 
with proposed rail transit corridors (15), and census tracts without rail transit corridors 
(84). For the total square footage of building areas analysis, the values of all the land 
parcels were aggregated to the census tract level and then aggregated to the study group 
level (each study group is formed of many census tracts as mentioned before). However, 
such aggregation was not required for the analysis of population, employment, and land 
use density data. 
The data of City and County of Denver has been analyzed for a period of 20 years 
from 1990 to 2010. This time period was selected considering the fact that the Central 
corridor started operating from 1994 and the Southeast corridors started operation in 
2006. For population, employment, and total square footage of building area analysis, the 
time period was divided into two groups namely 1990 to 2000 and 2000 to 2010. For the 
land use density analysis the time period was divided into four groups namely 1990-1995, 









Figure ES.8 depicts that the census defined urbanized area and the areas within the 
present and proposed rapid transit corridors of Adams, Arapahoe, Boulder, and Jefferson 
counties have been included in this study. For the analysis of the above mentioned 
counties, surrounding the City and County of Denver, the land parcel data were 
aggregated at the rapid transit corridor level namely areas served by present or proposed 
rapid transit corridors and areas not served by rapid transit corridors. The data of the 
surrounding counties were analyzed for a period of ten years from 2000 to 2010. 
 
5.3 Data Collection and Processing 
The population data were primarily collected from the US Census Bureau and were 
available at the census tract level. The employment data were collected from the US 
Census Bureau and DRCOG. The employment data of City and County of Denver depict 
the number of jobs present in the different zip codes of the county, whereas the 
employment data for the surrounding counties depict the number of people employed at 
the census tract level. The employment density data, collected from DRCOG, is a map 
depicting jobs per square mile for approximately the entire metro region.  
The land parcel data for all the counties were collected from the assessor’s office of 
the respective counties. The land parcel data consisted of a large amount of information, 
among which the following were used for this analysis: land use classification 
(commercial, mixed-use, industrial, multi-family residential, and single-family 
residential), total square footage of the building areas, and built year. The information 
were used to calculate the change in the total square footage of the building areas of 
different land use, within the study regions, from 1990 to 2010 for Denver County and  
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2000 to 2010 for the other counties. The information was also used to calculate the land 
use density through the kernel density tool of ArcGIS. However, some of the land parcel 
records had to be eliminated because of unavailability of data and redundancy of data. 
 
5.4 Results and Discussion: City and County of Denver  
 The results of population and employment data analysis have been provided in 
section 3 entitled Denver metro region. Hence in this section, the results of total square 
footage of building areas data analysis and land use density data analysis have been 
provided. 
Change in total square footage of building areas: The change in total square 
footage of building areas has been computed and analyzed for three study regions; 
present rail transit corridors, proposed rail transit corridors, and without rail transit 
corridors, from 1990 to 2010 (1990-2000 and 2000-2010), and across five important land 
use classes; commercial, mixed-use, industrial, multi-family residential, and single-
family residential.  
The amount of commercial area has increased within all the three study regions 
from 1990 to 2010 (Figure ES.9). The growth has been greater in census tracts with 
present rail transit corridors than in the others. The census tracts with present rail transit 
corridors have attracted 64.42% (1990-2000) and 44.83% (2000-2010) of the total growth 
of commercial area taking place in the Denver County. Results of Wilcoxon/Kruskal 
Wallis tests (significance test), at 0.05 level of significance, have also indicated that the 
growth of commercial area has been significantly greater in the tracts with present rail 
transit corridors from 1990 to 2010. 
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The amount of mixed use area has primarily increased in the census tracts with 
present rail transit corridors and census tracts without rail transit corridors (Figure 
ES.10). The growth has been greater in census tracts with present rail transit corridors. 
They have attracted 98.15% (1990-2000) and 49.35% (2000-2010) of the growth of the 
entire county. Results of Wilcoxon/Kruskal Wallis tests (significance tests), at 0.05 level 
of significance, have indicated that the growth of mixed use area was significantly greater 
in the census tracts with present rail transit corridors from 1990 to 2000. However, in 
2000-2010 the growth was the same throughout the county.  
In Denver County, little effort has been given to concentrate industrial land use 
within the rail transit corridors. Yet, the results of the significance tests indicate that the 
growth of total square footage of industrial area has been significantly greater in the 
census tracts with proposed rail transit corridors. 
The amount of multi-family residential area has increased within all the three 
study regions since 1990 (Figure ES.11). In 1990-2000, growth of multi-family 
residential area was greater in the census tracts without rail transit corridors, 65.66% of 
the growth of the entire county, than the others. However, in 2000-2010, greater amount 
of growth took place in the census tracts with present rail transit corridors, 44% of the 
growth of the entire county, than the others. The results of Wilcoxon/Kruskal Wallis tests 
(significance tests), at 0.05 level of significance, indicate that growth has been the same 







The growth of single-family residential area has always been noticeably greater in 
the census tracts without rail transit corridors (Figure ES.12). The census tracts without 
rail transit corridors attracted 87.81% of the growth of the entire county in 1990-2000. 
However, this percentage declined to 56.02% in 2000-2010. According to 
Wilcoxon/Kruskal Wallis tests (significance tests), at 0.05 level of significance, the 
growth was significantly greater outside the rail transit corridors in 1990-2000. In 2000-
2010, the growth was the same throughout the county. 
Change in density of land use: The change in land use density has been computed 
and analyzed for three study regions; present rail transit corridors, proposed rail transit 
corridors, and areas outside rail transit corridors, from 1990 to 2010, and across four 
important land use classes; commercial, mixed use, multi-family residential, and single-
family residential). 
The greatest increase in commercial area density, 1 to 4 million sq. ft. /sq. mile, 
took place in the downtown area and DTC (Figure ES.13). Both of these places are 
located within the present rail transit corridors. Hence Wilcoxon/Kruskal Wallis tests 
(significance tests), at 0.05 significance level, indicates that commercial area density has 
significantly increased within the rail transit corridors from 1990 to 2010. 
Areas experiencing the greatest amount change in mixed use area density of 
50,000 to 350,000 sq. ft. /sq. mile are not completely contained within the present or 
proposed rail transit corridors (Figure ES.13). Denver downtown area and DTC has 
experienced the greatest amount of change and are within the present and proposed rail 
transit corridors. However, the West Highlands neighborhood, to the west of downtown 




corridors. According to the Wilcoxon/Kruskal Wallis tests (significance tests), at 0.05 
significance level, the change in mixed use area density has been the same throughout the 
county from 1990 to 2010. 
Areas experiencing the greatest amount of increase in the density of multi-family 
residential area by 1 to 5 million sq. ft. / sq. mile, are not only located in the downtown 
area but also in many other throughout the county. According to the Wilcoxon/Kruskal 
Wallis tests (significance tests), at 0.05 significance level, the change in multi-family 
residential area density has been the same throughout the county from 1990 to 2010. 
Unlike other types of land use, change in density of single-family residential area 
has been the greatest outside the rail transit corridors. The areas experiencing the largest 
change in density of about 500,000 to 3 million sq. ft. /sq. mile lie mainly in the eastern 
part of Denver County. Strangely, according to the Wilcoxon/Kruskal Wallis tests 
(significance tests), at 0.05 significance level, the change in single-family residential area 
density has been the same throughout the county from 1990 to 2010. 
 
5.5 Results and Discussion: Adams, Arapahoe, Boulder, and Jefferson Counties 
The results of population and employment data analysis have been provided in 
section 3 entitled Denver metro region. Hence in this section, the results of total square 
footage of building areas data analysis and land use density data analysis have been 
provided. 
Change in total square footage of building areas: The change in total square footage 
of building areas in the surrounding counties have been computed and analyzed for two 
study regions (rapid transit corridors and outside rapid transit corridors), from 2000 to 
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2010, across three important land use categories (commercial, multi-family 
residential/mixed, single-family residential). Some of the important findings of this 
analysis are as follows:  
• In each county, greater amount of commercial area growth was attracted within 
the rapid transit corridors than outside when compared to the amount of land area 
available within and outside the rapid transit corridors (Figure ES.14). For 
instance, in Adams County, 48.74% of commercial area growth was attracted to 
39.95% of land area available within the rapid transit corridors. In fact, in 
Arapahoe County, greater amount of commercial area growth (54.92%) was 
attracted within the rapid transit corridors than outside (45.08%) irrespective of 
the amount of land area available. 
• Except in Arapahoe County, greater amount of multi-family residential/mixed 
area growth was attracted outside the rapid transit corridors when compared to the 
amount of land area available (Figure ES.14). For instance in Boulder County, 
74.65% of the growth was attracted outside the rapid transit corridors compared to 
69.90% of the land area available. Only in Arapahoe County more multi-family 
residential/mixed area growth was attracted within rapid transit corridors 
(37.10%) than land area available (19.77%). 
• Except Adams County, greater single family residential area growth was attracted 
outside the rapid transit corridors than land area available (Figure ES.14). For 
instance, in Jefferson County, 89.28% of single-family residential area growth 
was attracted outside the rapid transit corridors compared to 84.34% of land area 
available. In Adams County, 58.83% of single-family residential area growth was 
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attracted outside the rapid transit corridors compared to 60.05% of land area 
available. 
The performance of Arapahoe County in terms of attracting commercial and multi-family 
residential/mixed area is better than the other counties, primarily because only Arapahoe 
County has a part of the present rail transit corridors. All the other counties have the 
proposed rail transit corridors and hence the rate of consolidation of land use over there is 
lower than in Arapahoe County. 
Change in density of land use: Change in density of land use in the surrounding 
counties have been computed and analyzed for two study regions (rapid transit corridors 
and outside rapid transit corridors), from 2000 to 2010, across three important land use 
categories (commercial, multi-family residential/mixed, single-family residential). The 
important findings of this analysis are as follows:  
• As shown in figure ES.15 focusing on Arapahoe County, commercial land use 
density has increased primarily within the rapid transit corridors. However, there 
were places outside the corridors where greatest increase in land use density has 
occurred.  
• As shown in figure ES.15 focusing on Arapahoe County, multi-family 
residential/mixed land use density has increased both inside and outside the rapid 
transit corridors. 
• As shown in figure ES.15 focusing on Arapahoe County, single family residential 





• In Adams County (figure ES.16), a large section of the developments were 
attracted parallel to the rapid transit corridors primarily because the rapid transit 
corridors are located in the freight railroad right-of-way. It is difficult to attract 
any kind development within freight railroad corridors due to the prominent 
presence of industrial land use. 
 
6. Conclusions 
The primary objective of this study has been to examine the success of the existing 
light rail system and future rapid transit system towards achieving two important goals – 
reducing traffic congestion and consolidating land use within the system’s corridors—
behind their operation and construction.  
From this study, it can be concluded that the present rail transit lines have succeeded 
in reducing traffic congestion along the highways in their vicinity for a short period of 
time. Reduction in traffic congestion lasted for just a year after service began on the 
Southeast and Southwest light rail corridors. The consolidation of land uses have also 
gradually began within the rapid transit corridors especially commercial land use. Multi-
family residential land use has also started consolidating within Denver County. 
However, in the surrounding counties such a trend is still not prominently visible. Growth 
of single-family residential land use has primarily taken place outside the rapid transit 
corridors, a trend that is desirable. The absence of large amount of single-family 
residential land use within the rapid transit corridors have helped to maintain high land 





1. INRIX is a private sector company that provides nationwide traffic information. 
Like TTI it also analyzes the traffic congestion of different urban areas. But 
unlike TTI it provides distinct ranks to the cities on the basis of all the parameters. 
TTI provides ranks to the cities on the basis of some individual parameters but do 
not provide any comprehensive rank. So it is easier to understand from INRIX 
scoreboard the traffic congestion situation of a city in terms of the entire 
country—INRIX National Traffic Scoreboard website. 
2. ESRI shapefile is  
“a simple, nontopological format for storing the geometric location and attribute 
information of geographic features. Geographic features in a shapefile can be 
represented by points, lines, or polygons (areas). The workspace containing 
shapefiles may also contain dBASE tables, which can store additional attributes 
that can be joined to a shapefile's features.” – ESRI, 2012 
3. Floor Area Ratio is the ratio between building area and the lot area on which the 
building has been built (Cervero and Landis, 1997). 
4. Kernel Density calculates the density of point features around each output raster 
cell. Conceptually, a smoothly curved surface is fitted over each point. The 
surface value is highest at the location of the point and diminishes with increasing 
distance from the point, reaching zero at the Search radius distance from the 
point. Only a circular neighborhood is possible. The volume under the surface 
equals the Population field value for the point. The density at each output raster 
cell is calculated by adding the values of all the kernel surfaces where they 
overlay the raster cell center. The kernel function is based on the quadratic kernel 





CHAPTER ONE: INTRODUCTION1 
 
1. Setting the Stage 
Urban areas around the world expanded with the invention of each new mode of 
transportation. The greatest expansion took place with the inception and increase in use 
of automobiles beginning in the early 1900s. Initially people were mesmerized by the 
benefits of automobiles, such as higher mobility and accessibility and a greater degree of 
freedom and comfort. However, with time they realized that several problems were also 
associated with automobile use, such as depletion of oil reserves, increased street 
congestion, increased environmental pollution, and spread-out development of urban 
areas to an unmanageable and unsustainable extent. This realization triggered a 
movement against the use of automobiles by the 1970s. Since then several measures have 
been adopted to reduce automobile use, one of them being the increase in construction 
and use of rail transit systems.  Like many cities throughout the world, several US cities 
have adopted this automobile use reduction policy and invested heavily in the 
construction and maintenance of rail transit systems. It is expected that along with a 
reduction in automobile use, several other associated problems will also be reduced 
remarkably.  
This dissertation has been formulated with the knowledge of the above-mentioned 
automobile use reduction policy. It will enrich the literature that explores the impact of 
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rail transit systems on urban areas and the success of rail transit systems in reducing the 
problems brought about by automobiles in urban areas. It will particularly explore the 
impact of rail transit system on traffic and land use in the Denver metro region.  
 
2. Urban Rail Transit System in US 
The first form of urban rail transit system in the US was the horse drawn omnibus 
which ran on rails. Known as horse-drawn trams, horse trams, or horse cars, they began 
operating in New York City in 1832 between Harlem and lower Manhattan. They were 
better than their predecessors in terms of travel time, passenger carrying capacity, and 
comfort. Hence they were built in many other US cities, such as Boston, Baltimore, 
Chicago, Cincinnati, Philadelphia, and Pittsburg by the middle of the 1800s. The horse 
trams contributed to the increase in size of US cities as more people began living away 
from the city center due to improved accessibility.  
In the late 1800s, the first commercially successful motorized form of urban rail 
transit system—the cable car—started operating in US cities. They functioned with the 
help of cables, rollers, pulleys, and stationary steam engines. In 1873, the first cable car 
was installed on San Francisco’s Clay Street Hill. Within the next 20 years, cable cars 
were installed in 16 more US cities, with Chicago having the largest network. However, 
with the exception of San Francisco, cable cars were soon replaced by electric 
streetcars/tramways in other urban areas (Vuchic, 2007).  
The first successful electric streetcar, similar to present day light rail, was invented by 
Frank Sprague and began operating in Richmond, Virginia in the spring of 1888. By 
virtue of electrification, the operation of these streetcars was less costly which enabled 
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operators to reduce fares and introduce streetcar lines in places where horse-drawn trams 
would not have been commercially successful. The streetcars also had more carrying 
capacity and reduced travel time. Passengers were able to travel 10 miles in 30 minutes, 
almost one-third the speed of automobiles on the highway today (under free-flow traffic 
conditions). Due to several such advantages, streetcars flourished throughout urban areas. 
By 1902, streetcars were present in more than 200 cities, with 22,000 miles of streetcar 
lines. 
Streetcars gave rise to the streetcar suburbs. With the reduction in travel time, a large 
portion of the undeveloped land at the periphery of central cities was now accessible to 
daily commuters. Real-estate developers, many of whom were also streetcar operators, 
build residential suburbs in the newly accessible land and not only attracted higher-
income group people but also, with affordable pricing, attracted the middle-income group 
people as well. As a result, there was a considerable increase in the size of cities. The 
urban form also changed from circular to star-shaped, as all of the developments were 
taking place along the streetcar lines radiating from the central city while the interstitial 
places between them remained undeveloped.  
During the same time period, other forms of rail transit systems also emerged in large 
US cities such as New York, Boston, Chicago, and Philadelphia. Streetcars did not have 
the capability to adequately serve the large populations of these cities and their suburbs. 
Moreover, by virtue of sharing the street with other modes of transportation, streetcars 
also increased the amount of street congestion. Hence the suburban/regional/commuter 
railways and/or the rail rapid transit system (also known as subways, elevated lines, or 
heavy rail) were built in the large US cities. These rail transit systems had “higher speed, 
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higher carrying capacity, and higher reliability” because they had exclusive right-of-way. 
The operation of these rail transit systems led to further encroachment by large urban 
areas into the countryside ([Knox and McCarthy, 2005] and [Vuchic, 2007]). 
The ridership numbers of rail transit systems began declining in the 1920s. One of the 
primary reasons behind this decline was an increase in the popularity of the automobile. 
Automobile ownership increased from 27 million in 1930 to 52 million in 1955 and over 
97 million in 1972. With a decline in ridership, the transit companies faced a financial 
crisis that led to deterioration in the quality of service and further reduction in ridership. 
With no assistance from the government, many of them had to file for bankruptcy. 
Instead of improving the rail carriages and tracks, some of the streetcar operators shifted 
to operating bus transit systems. Many of the streetcar systems were also purchased by 
National City Lines Consortium, organized by General Motors, Firestone, and Esso Oil 
Company, and were purposely torn down to increase the popularity of automobiles and 
bus transit systems. This eventually increased the product sales of the companies in the 
consortium. By 1960, streetcars were present in only a dozen US cities and the 
construction and quality of service of other forms of rail transit systems had also declined  
([Knox and McCarthy, 2005], [Pucher, 2004] and [Vuchic, 2007]).  
The re-emergence of rail transit systems began during the 1970s. The main reasons 
behind this re-emergence were concern over traffic congestion, a huge amount of 
suburban growth, and environmental problems created by the excessive use of 
automobiles. By the 1980s all of the rail transit system operators had filed for bankruptcy 
and were taken over by the government. A large amount of financial assistance from 
local, state, and in particular, the federal governments, especially through the Urban Mass 
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Transportation Administration, led to the rejuvenation of rail transit systems. The amount 
of financial assistance increased from $3.2 billion in 1975 to $22.8 billion in 2000 
(Pucher, 2004). The rejuvenation of the system not only involved replacement of the 
dilapidated infrastructure and stock but also expansion of rail rapid transit systems such 
as in Chicago, Philadelphia, and Boston, and construction of new rail rapid transit 
systems in San Francisco (1972), Washington D.C. (1976), Atlanta (1979), Baltimore 
(1983), Los Angeles (1993), and Miami (1984).  
In this rejuvenation phase, a larger number of light rail systems were constructed than 
rail rapid transit systems primarily because light rail systems have a lower construction 
cost. Some of the light rail systems that began operating after the 1970s include 
Baltimore (1992), Buffalo (1984), Dallas (1996), Denver (1994), Memphis (1993), 
Portland (1986), Sacramento (1987), St. Louis (1994), Salt Lake City (1994), San Diego 
(1981), and San Jose (1987) (publictransit.us, 2011).  
The drastic increase in gasoline prices beginning in August 2005 has led to an 
increase in transit ridership (Lane, 2009). This has, in turn, further increased interest in 
the maintenance, improvement, expansion, and construction of rail transit systems 
throughout the US. However, the transportation industry is currently in deep financial 
crisis, as are many other industries of the economy. The recent transportation law, 
Moving Ahead for Progress in the 21st Century (MAP-21), will only provide 20% of the 
$105 billion worth of federal funds to all types of transit projects (rail transit system is 
one of them) for the fiscal year 2013 and 2014 (Abousleman, 2012). This amount of 
funding is not sufficient to maintain the current rail transit infrastructure, let alone cover 
the improvement, expansion, and construction of rail transit systems. Therefore, states 
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and local governments are utilizing other funding sources for the expansion and 
construction of rail transit systems. Among the various funding sources available, the 
public-private-partnership (PPP) has become a common one used by several states. It 
involves the private sector in the construction of public transportation projects (Rall, 
2012). One advantage of PPP is that many of the projects have been completed on time 
and within budget, such as the T-REX project in Denver in the latter half of the 2000s.  
 
3. Rail Transit System in the Denver Metro Region 
Denver, the largest city and state capital of Colorado, is located at the foothills of 
the Rocky Mountains. According to Denver Regional Council of Governments 
(DRCOG, MPO of the region), the Denver metro region, centering on the city of 
Denver, spans ten counties, namely Adams County, Arapahoe County, Boulder County, 
City and County of Broomfield (also known as Broomfield County), City and County of 
Denver (also known as Denver County), Clear Creek County, Douglas County, Jefferson 
County, Gilpin County, and the southwestern part of Weld County (Figure 1.1). 
According to the US Census, the Denver metro region had a population of 
approximately2   2.8 million in 2010—an increase of 15.9% since 2000. About 21% of 
this population lives in the City and County of Denver—a decrease from the 23% that 
lived there in 2000. The average population density of the region has increased from 696 
persons/sq. mile to 811 persons/sq. mile. The population density of the region (811 
persons/sq. mile) is much lower than the population density of City and County of 
Denver (3880 persons/sq. mile) because the region includes a large amount of non-
urbanized area. The region had 1.3 million jobs in 2009—a decrease from 1.4 million  
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jobs in 2000. About 30.7% of these jobs are present in City and County of Denver, 
followed by Arapahoe (19.88%), Jefferson (15.34%), Adams (11.9%), and Boulder 
(11.22%) Counties (DRCOG, 2012).  
Rail has been an important mode of transportation in Denver since 1870, except 
for a few decades in the second half of the twentieth century. The first railroad, built in 
1870, connected the city to the transcontinental railroad passing through Cheyenne, 
Wyoming (Ratner, 2001). Denver also had an extensive streetcar system that was 
abandoned in June 1950, because it failed to compete with the popularity of automobiles 
and new bus services (Griffith, 1961), as in many other places across the US at that time. 
Rail transit again returned to Denver when a 5.3 mile light rail line named Metro Area 
Connection (MAC), presently known as the Central Corridor (Figure 1.1), began 
operating in 1994. 
The process of rebuilding an urban rail transit system started in 1969 when the 
Regional Transportation District (RTD, transit agency of the region) was established. 
After several failed attempts, the MAC was constructed and service began on October 7, 
1994. It was primarily funded by the “Use Taxes” that RTD started collecting in the 
1980s as per orders of the Colorado Supreme Court (McCroskey, 2003). The Southwest 
corridor was also constructed in the second half of the 1990s. RTD received $120 
million from the Federal Transit Administration (FTA) for construction of the corridor 
(Goetz et al., 2011). The Southwest corridor started operating in June 2000.  
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Despite achieving success with its operation of the Central Corridor and acquiring 
funds for the Southwest corridor, it was difficult for RTD to build additional light rail 
lines, especially one in the Southeast Corridor paralleling the heavily-utilized I-25. In 
1997, a referendum was held to raise the sales tax by 0.4% for a $6 billion rapid transit 
system named “Guide the Ride.” The referendum was rejected by the public because the 
plan was not properly presented to them, and several RTD officials were against it. 
Eventually, with the help of Governor Roy Romer, RTD managed to secure $340 million 
in state funds and $510 million in federal funds for a new light rail line in the Southeast 
Corridor. But the state funding was soon withdrawn when Bill Owens, who supported 
highway expansion, was elected governor in 1998. Ultimately, the Southeast corridor 
light rail plan and the plan for expanding I-25 and I-225 were merged into one plan 
named “T-REX” (TRansportation EXpansion project). It was to be implemented by RTD 
in collaboration with DRCOG and Colorado Department of Transportation (CDOT). The 
highway expansions were funded by Transportation Revenue Anticipation Notes based 
on future federal transportation dollars. The light rail was funded by several sources, 
namely sales tax revenues, federal funds ($525 million) from the FTA, and local funds.  
The T-REX was a PPP project. It was designed and built by a consortium of private 
companies and was completed on time and under budget ([Ratner, 2001] and [Goetz et 
al., 2011]). The widened highways were opened for public use in 2004 and the Southeast 
corridor light rail lines started operating in November 2006. 
Presently, Denver metro region is served by a 39.4-mile long light rail system. 
The light rail system has five lines and serves three travel corridors—Central, 
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Southwest, and Southeast—running through Adams, Arapahoe, Denver, and Douglas 
Counties (Figure 1.1).  
In November 2004, another ambitious primarily rail-based transit system plan 
called FasTracks (Inset in Figure 1.1) was approved by a majority of metro area voters. 
According to the FasTracks plan, RTD, in collaboration with CDOT and DRCOG, will 
build 122 miles of new commuter and light rail lines, 18 miles of bus rapid transit, 
21,000 new parking spaces, and will improve the amenities and facilities of the present 
transit stations (RTD, 2012a). In this project, six new travel corridors will be built, 
serving the Adams, Arapahoe, Boulder, Denver, Douglas, and Jefferson Counties. The 
existing light rail system will also be extended. The multi-billion dollar project (the 
project was worth $4.7 billion at the beginning and now the cost has increased to $7.4 
billion. Hence in this dissertation, FasTracks will be referred to as a “multi-billion dollar 
project” and no specific price tag will be attached to it) is being funded through a 0.4% 
regional sales tax increase approved by the voters in a referendum held in 2004, as well 
as additional funding from federal, state, and local sources (Goetz et al., 2011). For 
faster implementation of the plan, RTD has again entered into public-private partnership 
with a consortium of private companies. According to the current contracts, private 
contractors will Design-Build-Finance-Operate-and-Maintain four of the transit 
corridors and the commuter rail maintenance facilities (RTD, 2011a). 
Among the many problems FasTracks has faced to date, the most important is 
financial. The total financial need of the project has increased from $4.7 billion to $7.4 
billion, while at the same time the amount of revenue has declined due to the economic 
crisis (RTD, 2012). Metro Mayors Caucus and other advisory bodies have provided RTD 
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with many suggestions to close the funding gap and to reduce the construction cost. 
Despite all the obstacles, the project is still on and RTD plans to finish it on time by 2017 
(RTD, 2010). 
 
4. Research Questions and Outline 
The existing light rail system has emerged from RTD’s proposal in the 1970s, to 
build a multi-modal public transport system, including a rail-based transit. Like many 
other US cities in the rail transit rejuvenation phase, Denver’s RTD aimed at solving 
problems such as traffic congestion, air pollution, energy consumption, inefficient growth 
patterns, and increases in transportation cost through construction of rail-based transit 
system (DeLeuw et al., 1979). These problems arose as Denver expanded drastically 
since the 1950s in terms of population and area (Goetz et al., 2011). The problems still 
exist today and will only increase in future, as according to DRCOG estimates, the region 
will add 900,000 people and 600,000 jobs by 2025 (RTD, 2004a). Hence in the 
FasTracks Plan (2004a), again, RTD mentioned that its primary goals will be to reduce 
peak time traffic congestion by providing more transit options to the people, to increase 
development around the transit system to more efficiently meet the higher transportation 
demand of the future and improve the quality of life of the people by providing more 
transportation choices. From the knowledge, of these goals behind the construction of the 
existing light rail system and the future FasTracks lines, the urgent need to achieve these 
goals for proper growth and sustenance of the region, and the fact that millions of tax-
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payers dollars have already been used and is being used to build the transit system to 
achieve these goals, has evolved the main research question of this dissertation:   
What has been the impact of the existing light rail system and FasTracks on 
traffic congestion and consolidation of land use (developments) around them in 
Denver metro region? 
The research sub-questions are:  
• What is the impact of the existing light rail system and FasTracks on traffic 
congestion? 
• What is the impact of the existing light rail system and FasTracks on 
consolidation of land use around them in City and County of Denver? 
• What is the impact of the existing light rail system and FasTracks on 
consolidation of land use around them in counties surrounding City and County of 
Denver? 
Some expected results are: 
• There has been higher decrease or lower increase in traffic congestion since light 
rail service began in Denver in comparison to prior times. There has been higher 
decrease or lower increase in traffic congestion in the existing light rail and 
FasTracks served areas than elsewhere in Denver metro region. 
• Growth and intensities of different types of land use has been higher in the 
existing light rail and FasTracks served areas than elsewhere in Denver metro 




5. Importance of Research 
This research is important due to the following reasons. First, it analyzes the impact 
of rail transit system on traffic congestion, which is a rarely examined topic area. There is 
an enormous amount of literature regarding the impact of rail transit systems on aspects 
such as land use, land value, economic development, and health. However, there are only 
few studies that have dealt with the relationship between rail transit system and traffic 
congestion and most of them have dealt with the topic superficially. In this study, a direct 
measure of traffic congestion, Vehicle Miles Traveled (VMT), has been used to examine 
the impact of rail transit system on traffic congestion.  
Second, it compares the changes in land use within the rail transit served areas to 
those outside. Innumerable studies exist regarding the impact of rail transit systems on 
land use. However, the majority of them examine the changes in land use that have taken 
place through time within the rail transit served areas. They do not compare the changes 
spatially between the rail transit served areas and those not served by rail transit. 
Therefore this research will again enrich a rarely examined topic area.  
Third, this study focuses on the Denver metro region. There is no other published 
study on the impact of the existing light rail system and FasTracks on traffic congestion 
in this region. Nor is there a study comparing the changes in land use in the existing light 






6. Outline of the Dissertation 
The dissertation has been arranged in the following manner:   
• Chapter 2 analyzes the ability of the existing light rail system to mitigate traffic 
congestion. A spatial and temporal analysis of traffic congestion has been done 
with the help of VMT data and Volume-to-Capacity-Ratio (V/C ratio) data. The 
temporal analysis addresses the changes that have occurred before and after light 
rail operation began. The spatial analysis focuses on the difference between the 
light rail served areas and the non-light rail served areas to understand if the 
changes have taken place specifically due to light rail operation or some other 
factors. Inferences have been drawn regarding the ability of FasTracks to mitigate 
traffic congestion on the basis of the changes along the existing light rail system. 
• Chapter 3 lays the foundation for the following chapters on impact of existing 
light rail system and FasTracks on land use in Denver metro region. This chapter 
discusses the findings of several studies conducted on the impact of rail transit 
systems on urban areas, the current and projected impact of the rail transit system 
on land use in the Denver metro region, and the developments taking place in the 
areas not served by the existing light rail system and FasTracks.  
• Chapter 4 analyzes the impact of the existing light rail system and FasTracks on 
land use of Denver County. It compares the developments taking place in the 
existing light rail system and FasTracks served areas with those in the other parts 
of Denver County. The analysis has examines whether the amount of 
developments taking place in the transit served areas is different from that taking 
place in the areas not served by the transit.  
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• Chapter 5 analyzes the impact of the existing light rail system and FasTracks on 
land use in the counties surrounding Denver County. The analysis examines 
whether the amount of developments taking place in the transit served areas is 
different from that taking place in the areas not served by transit.  
• Chapter 6 draws main conclusions from the entire study. It also discusses the 
limitations of the study and future research topics. 
 
7. Notes 
1. Part of this chapter has been published as a journal article: Bhattacharjee, S. and 
Goetz, A.R. 2011. Impact of light rail on traffic congestion in Denver. Journal of 
Transport Geography. Vol 22, 262-270. 
2. The population estimate of Denver metro region is an approximate one because it 
does not include the population of southwestern part of Weld County. The same is 

















CHAPTER TWO: IMPACT OF LIGHT RAIL AND FASTRACKS ON TRAFFIC 
CONGESTION IN THE DENVER METRO REGION1 
 
1. Introduction 
Traffic congestion has become a common phenomenon in the life of American 
commuters. A huge section of the 138.9 million employed Americans (Bureau of Labor 
Statistics, 2010) has to deal with it everyday and are well aware of its characteristics, 
problems, and prospects. It is especially a problem of US urban areas, its immediate 
outcome being increase in travel time. For example Denver has a Travel Time Index of 
1.31. In other words, there is a 31% increase in travel time during the peak period, when 
the roads are congested, when compared to the travel time of the off-peak period 
(Schrank and Lomax, 2009). This estimation of delay is just an average for the entire 
Denver metro region. In some places, such as the car packed highways, the delay is much 
more than has been estimated through the Index. The best way to get around the city at 
that time is through local roads, only if someone is well aware of them or by transit if the 
point of origin and destination is served by one. 
In Denver, to improve the situation of traffic congestion, a light rail system has 
been built and a multi-billion dollar transit project, FasTracks, has been undertaken since 
2004. The objective of this chapter is to analyze the ability the light rail system and 
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FasTracks to mitigate traffic congestion. The chapter starts out with an account of traffic 
congestion in US and in Denver metro region. It then summarizes the findings of the 
studies regarding the relationship between traffic congestion and rail transit systems. A 
spatial and temporal analysis of traffic congestion levels of highways in the Denver metro 
area has been done with the help of Vehicle Miles Traveled (VMT) data and Volume to 
Capacity ration (V/C ratio) data through the Focal Mean Statistics tool of ArcGIS. The 
temporal analysis addresses the changes that have occurred before and after light rail 
operation began. The spatial analysis focuses on the difference between the light rail 
served areas and the non light rail served areas to understand if the changes have taken 
place specifically due to light rail operation or some other factors. Inferences have been 
drawn regarding the ability of FasTracks to mitigate traffic congestion on the basis of the 
changes along the existing light rail lines. 
 
2. Traffic Congestion in US 
According to the Federal Highway Administration (FHWA),  
“congestion usually relates to an excess of vehicles on a portion of roadway at a 
particular time resulting in speeds that are slower—sometimes much slower—
than normal or ‘free flow’ speeds” (Cambridge Systems, Inc. and Texas 




According to Victoria Transport Policy Institute, traffic congestion is the 
“incremental delay resulting from the interference of vehicles in the traffic stream” 
(Litman and Doherty, 2009). Both the above definitions lay emphasis on travel time 
delay which no doubt is the most annoying and inconvenient characteristic of the 
phenomenon (PBS&J and Public Opinion Strategies, 2006). Other important 
disadvantages are increase in fuel consumption and hence increase in travel cost.  
Several attempts have been taken to measure traffic congestion and find ways to 
reduce it. Some Metropolitan Planning Organizations (MPO) has measured level of 
congestion in their respective planning districts such as the San Diego Association of 
Governments and the Baltimore Metropolitan Council (Meyer, 1994). At a broader scale, 
the Texas Transportation Institute (TTI) has been calculating traffic congestion of 85 
urban areas since 1982. Recently, in their 2007 Urban Mobility Report they have added 
352 more urban areas to give a better picture of the scenario. TTI measures the level of 
congestion with the help of fifteen parameters which are primarily calculated from 5 
national level variables and four urban area level variables (Schrank and Lomax, 2007 
and 2009). In this research, all those parameters and variables are considered to be direct 
measures of traffic congestion2. Other parameters or variables are considered as indirect 
measures of congestion. FHWA also measures traffic congestion through variation in 
travel time or travel time reliability (Cambridge Systems, Inc. and Texas Transportation 
Institute, 2005).  
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Congestion levels in all the US cities have increased drastically in the last three 
decades. It is costing people about $78 billion and 40 hours of delay each year. Traffic 
congestion is no longer just a big city phenomenon, as it has spread to small and mid-
sized cities like Boulder (CO), Little Rock (AR), Anchorage (AK), Austin (TX), 
Louisville (KT), and Charlotte (NC). Even though there was a slight decrease in traffic 
congestion with the rise of fuel prices and the economic downturn from 2007-2010, the 
scholars of TTI are certain that it will be back. This is clearly evident from their 
comment, “As goes the American economy, so goes the traffic”, in the press release of 
the 2009 Urban Mobility Report (Schrank and Lomax, 2007 and 2009). Therefore it is 
absolutely necessary to have a good understanding of traffic congestion and immediately 
implement methods to reduce it.  
There are several ways of tackling traffic congestion; among which one is the 
construction and maintenance of an effective public transit system ([Bull, 2004] and 
[Cambridge Systems, Inc. and Texas Transportation Institute, 2005]). Among all types of 
public transit systems, rail transit can receive more attention because it provides more 
benefit to the cities than bus and paratransit. Rail transit systems not only reduce traffic 
congestion but also provide other benefits such as more energy conservation, transit-
oriented developments, and crash reductions which are not provided by bus or paratransit 
(Litman, 2007). In this age of fossil fuel crisis and rise of gasoline prices, the benefit of 
energy conservation is particularly important. A study by Lane (2009) has also supported 
this fact where with the help of regression analysis it has been proved that with increase 
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in gasoline prices there has taken place a significant increase in transit ridership in 9 US 
cities between August 2005 and July 2008, including Denver.  
 
3. Traffic Congestion in the Denver Metro Region 
Presently, Denver is the 15th most congested city on the INRIX National Traffic 
Scoreboard3 (2009) with Los Angeles, New York, and Chicago topping the list. Traffic 
congestion in Denver has increased faster in comparison to the entire US. From 1982 to 
2007, delay per peak traveler in Denver has increased by 181% (compared to 157% for 
US) and congestion cost per person by 482% (compared to 161% for US) (Schrank and 
Lomax, 2009).  
Sometimes, an increase in traffic congestion positively impacts the small 
communities along the Interstate highways. Travelers stop more than they would have 
done if the highway had free flowing traffic. More stops by the travelers lead to more 
spending on food, lodging, and other retail materials. In the Denver metro region, this is 
true for only a few communities along I-70 and I-25. The rest of the region suffers from 
the negative impacts of traffic congestion (Development Research Partners, 2007). 
According to Denver Regional Council of Governments (DRCOG, MPO of the region), 
congestion in the Denver metro region will keep on growing steadily until 2030. 
Projections show that there will be a 59% increase in VMT and 170% increase in total 
hours of delay by that year (DRCOG, 2007). 
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To curb this growth in congestion, it is necessary to adopt several measures of 
reduction simultaneously, and one of them is increased transit use (DRCOG, 2008). So 
important is this measure that DRCOG has a separate supplementary document to the 
long-range regional transportation plan entitled Transit Element of the 2035 Metro Vision 
Regional Transportation Plan (2010). DRCOG has also approved the multi-billion dollar 
transit project, FasTracks, put forward by Regional Transportation District (RTD, transit 
agency of the region) in 2004 (RTD, 2010). The operation of light rail system has already 
increased transit use among the workforce in the region from 4.2% in 1990 to 4.6% in 
2008 and is expected to increase further with the completion of FasTracks by 2017 
(DRCOG, 2010: 19).  
 
4. FasTracks Planning to reduce Traffic Congestion 
Like the existing light rail lines, one of the goals for building the FasTracks is 
traffic congestion. In the first plan of the FasTracks published on April 22, 2004, RTD 
stated that one of the main objectives behind implementing FasTracks is to meet the 
future travel demand of the Denver metro region. It seems that RTD has seriously taken 
into consideration the recommendation put forward by TTI in their The 2003 Annual 
Urban Mobility Report. In the report, TTI has stated that it would be impossible to 
maintain constant congestion levels with road construction only and that public 
transportation services can significantly improve the transportation capacity of a region 
during congested hours. RTD also claims that FasTracks supports the goals of Metro 
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Vision (long range transportation plan of the region) by creating a multimodal 
transportation system with rail and bus transit (RTD, 2004a). The strong desire of RTD to 
reduce traffic congestion through FasTracks is not only evident from the above 
information but also in the alignment of the rail transit lines. Most of the rail transit lines 
will run parallel to or through the median of an Interstate or State highway. For instance 
the line to the airport or the East Corridor Line will run parallel to I-70 (Figure 2.1). 
Since the Interstate and the State highways of a region carry the maximum traffic, so 
aligning rail lines near or beside them will help RTD to accomplish one of their main 
objectives of relieving traffic congestion. Some may argue that in most cases these are 
the routes where a rail track already exists and hence it will be easier and cheaper to 
begin operation of new lines along them. This reasoning may be true but it is also true 
that if there was not any sign of present or future congestion along those routes then RTD 
would not have suggested offering rail services over there.  
 
5. Traffic Congestion and Rail Transit Systems 
The concept of reducing traffic congestion by increasing use of transit especially 
rail transit, is not new. It was considered a better solution to the problem back in the late 
19th century when the first heavy rail transit appeared in the large congested cities of New 
York, Chicago, and Boston. Scholars believed that by virtue of having its own right-of-
way, heavy rail transit can better accomplish the task of reducing congestion than its 




being the most efficient way of solving the problem, it was perhaps the most convenient 
since railroad technology was already under extensive use in the US. The technology, 
however, had to be modified to suit short distance inter/intra urban passenger haul from 
long distance freight and passenger haul. It is unfortunate that despite all its advantages 
and services it provided to the American society, rail transit along with other modes of 
public transportation suffered from a serious downturn after the 1920s due to popularity 
of automobiles (Vuchic, 2007).  
The urban rail transit systems were rejuvenated after 1960 when the problem of 
traffic congestion returned to the US cities ([Garrett, 2004] and [Pushkarev et al., 1981]). 
Developments in the world of transportation in the previous few decades clearly proved 
that expansion of roads and increase in automobile ownership alone will not meet the 
future transportation needs. On the contrary, it will exacerbate the problems of 
congestion, pollution, fatalities, and mobility of the disadvantaged people. In response to 
this understanding, the Kennedy administration laid the groundwork for the Urban Mass 
Transportation Act in 1964 which provided federal funding for the improvement and 
construction of transit systems (Goetz, 2005). In this way rail transit development re-
emerged in the US and this time again one of the expected benefits was reduction in 
traffic congestion. Pushkarev and Zupan (1981) pointed out that rail transit provides a 
two-fold benefit in terms of congestion. On the one hand it saves the passengers from the 
negative effects of traffic congestion and on the other hand it benefits the non-users by 
reducing the number of automobiles on the road.  
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In the rejuvenation phase, the light rail transit evolved and like the other forms of 
rail transit systems, light rails were also expected to lessen traffic congestion. It was also 
predicted that they would bring economic development and urban revitalization through 
Transit Oriented Developments (TOD) ([Garrett, 2004] and [Lane, 2008]). The low 
capital cost made light rails more popular than heavy and commuter rails since inception. 
In 2008, the US had 33 light rail systems in comparison to 15 heavy rail and 23 
commuter rail systems (American Public Transportation Association, 2010).  
Despite the fact that reduction in traffic congestion was one of the main reasons 
behind the construction of the rail transit systems, little research has been done on the 
relation between traffic congestion and rail transit. The few studies that have examined 
the relationship have also not drawn the same conclusion. Some of them concluded that 
rail transit do not affect traffic congestion whereas the others found out that they reduce 
traffic congestion. 
Most of the literature in the field of rail transit deals with the other impacts of rail 
transit such as on land-use, land-value, economic development, and health ([Parsons 
Brinckerhoff Quade & Douglas Inc., 1996], [Cervero and Landis, 1997], [Al-Mosaind et 
al., 1993] and [Stokes et al., 2008]) and other aspects of rail transit such as evolution and 
accurate estimation of ridership ([Farran, 2008] and [Kain, 1990]). Most articles have just 
stated that congestion is one of the primary objectives behind construction of rail transit 
systems and have addressed their relationship briefly or indirectly. For instance, Kuby et 
al. (2004) begins the journal article Factors influencing light rail station boardings in the 
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United States with the statement “Many US cities have recently built or approved light 
rail systems to combat congestion, sprawl, and pollution”. In the study, the significance 
of 18 variables on light rail ridership was tested, but none of them were direct measures 
of traffic congestion such as travel time delay, congestion cost, fuel wasted, VMT, 
percent of daily travel in congested condition, etc. Variables such as employment within 
walking distance, population within walking distance, airport, international border, and 
college enrollment represented traffic generation around 268 light rail stations in nine US 
cities. Traffic generation to a certain extent represents traffic congestion, as more traffic 
generated will lead to more congestion, but the two concepts do not always go hand in 
hand because traffic congestion also includes capacity of the local roads and highways. 
More traffic may be generated due to increase in population, employment, and college 
enrollment but congestion will not occur until the roads reach their full capacity.  
A similar kind of study was conducted by Gordon and Wilson (1984), but on a 
much broader scale. They did not restrict themselves to the US or North American cities. 
The 1980 data of 152 cities from all over the world were collected. The neglect towards 
considering traffic congestion as an important variable is again clearly visible here. 
Among all the variables used to determine light rail ridership, the one on car ownership to 
a certain extent represents traffic congestion. The significance of this study lies in the fact 
that the models developed in it were later used by many North American cities to 




Studies done on single rail transit systems have also shown a similar kind of 
neglect towards relationship between light rail and traffic congestion. Knowles (1996) in 
a study on the impact of Greater Manchester’s Metrolink light rail system (U.K.) have 
addressed very minimally its impact on traffic congestion. In this case, again, the author 
begins with a paragraph about urban traffic congestion and how light rail is a “cheaper 
and quicker” solution to the problem. But then he evaluates the success of Metrolink on 
traffic congestion reduction indirectly through number of private car trips attracted by it 
instead of using direct measures. Metrolink attracts 3.3 million car trips per year. But is 
the amount sufficient to reduce traffic congestion in that particular travel corridor? The 
question is not dealt with in detail in the study as the author believes that traffic 
congestion is self-regulating and so the road space vacated by car users switching to rail 
transit is again filled up by newly generated car trips. 
In the late 1990s, De Long (1998) and Rubin et al. (1999) elaborately studied the 
success and ability of rail transit systems in reducing traffic congestion and expressed 
their doubt regarding the matter through the following explanations: 
• Rail transit systems mainly target the commuters traveling during the morning 
and afternoon rush hours (De Long, 1998). This is true even today and is evident 
from the frequency of the trains and the alignment of the rail transit lines. During 
rush hours, trains arrive more frequently. Rail transit service areas are chosen on 
the basis of population and employment density to make sure that major sections 
of the urban commuters are traveling along that corridor. But by doing so rail 
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transit system is targeting very few car users and finally converting even fewer of 
them to transit users because shifting from car to transit is not an easy task (De 
Long, 1998). According to the 2001 National Household Travel Survey, only 5% 
of commuters used transit. A portion of this 5% must be using bus and other 
modes of public transport. So in 2001, rail transit was attracting less than 5% of 
the commuters. It is also believed that many of these rail transit users previously 
were bus transit users. In a study conducted in 1996, it was found that 63% of the 
rail passengers in Los Angeles have shifted from bus to rail and only 21% shifted 
from car to rail ([Rubin et al,. 1999] and [De Long, 1998]). Therefore it can be 
said that rail transit attracts a miniscule number of commuters who previously 
used cars, reducing a miniscule number of automobiles on the road. 
• The percentage of work-related trips is decreasing and so just by aiming at them, 
rail transit cannot achieve much success in reducing traffic congestion (De Long, 
1998). Rail transit needs to increase its coverage area and should not just reach 
out to the important office districts and some recreational destinations on the way. 
• The commute travel pattern has changed over time. Many people commute from 
suburb to suburb instead of going to the traditional Central Business District 
(CBD). Hence rail transit by focusing towards travel to and from traditional CBD 
will not have the capability of serving many commuters (De Long, 1998). For 
example, in Denver, besides the traditional CBD there are other places where a 
large section of the population goes to work such as the Denver Technological 
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Center (DTC) and the Jefferson County Federal Center. All these places have 
more than 3000 jobs per square mile (DRCOG, 2012a).  
• It is not necessary to build rail transit to reduce traffic congestion as with time the 
US cities change in terms of spatial structure, travel behavior, migration patterns, 
and other aspects and adjust to growing congestion (Rubin et al., 1999).  
Castelazo and Garrett (2004) stated that rail transit can be a temporary solution to 
the problem of traffic congestion. In order to reduce congestion permanently it is 
necessary to implement other types of policies like congestion pricing. Lane (2008) found 
that there is no significant difference in traffic congestion between cities with rail transit 
and cities without rail transit in the US. For the study, he selected 13 cities with rail 
transit and 22 cities without rail transit and analyzed three variables, namely VMT per 
capita, percent of roadway experiencing congestion, and travel time index, directly 
measuring traffic congestion. However, in Lane’s study different time periods were 
considered while comparing the data which may have affected his results. He used the 
data of only one year, 2001, for cities without rail transit and multiple years for cities 
without rail transit. Using data of the same time period and multiple years may have 
yielded better results and shown that there is a significant difference between the two 
groups of cities in terms of traffic congestion. 
While some scholars have disagreed with the fact that rail transit reduces traffic 
congestion, there were some others who had supported it. Litman (2010) has put forward 
some compelling facts that rail transit reduces traffic congestion. Of the 50 cities, in the 
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large city group of TTI database, large rail cities such as New York, Boston, 
Philadelphia, and Baltimore, have saved on average $279 per capita through public transit 
use in 2003. In comparison, small rail cities and bus transit cities have only saved $88 
and $41 respectively. The large rail cities were also found to be performing better in 
terms of congestion cost and congestion delay.  
Garrett (2004) found that the traffic growth rate has dropped in some cities after 
inception of light rail by analyzing the roadway congestion index of the TTI database 
from 1982 to 2000. In Baltimore, the increase in congestion index dropped from 2.8% 
annually before light rail to 1.5% annually after light rail. In St Louis, the growth rate 
dropped from 0.89% to 0.86%. But in Dallas, the growth rate remained the same.  
Mackett and Edwards (1998) conducted a worldwide survey of experts involved 
in the process of decision making for the construction of public transit systems including 
rail transit systems. They found that out of 20 operating metro and light rail systems that 
they studied, 10 were built with the objective of traffic congestion reduction. And out of 
fourteen metro or light rail systems under planning or construction phase, nine have the 
objective of mitigating traffic congestion. Even though the authors did find gaps between 
the stated and accomplished objectives, there were a large number of cities where the 
officials have observed reductions in congestion. This study relied heavily on qualitative 
techniques where the authors had only interviewed people working in the transportation 
agencies. So it is highly possible that the individuals interviewed have only highlighted 
the success of the rail transit system in meeting the objectives and hidden the failures. 
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The authors did not supplement the qualitative data with quantitative data for some cities 
such as Manchester.  
From the above discussion, it is evident that there are few studies that have 
addressed the relation between rail transit and traffic congestion in detail. The inference 
drawn by the studies could have been applied to light rail transit in Denver if there was a 
unanimous decision over this topic. But the relation changes from city to city, time to 
time, and one form of rail transit to the other. Finally, there is no published work on the 
relation of the light rail transit and traffic congestion in Denver. At the dawn of this 
century, when billions of tax-payer dollars are being spent to expand the existing and 
build new light rail lines in Denver, it is necessary to understand if the lines are going to 
fulfill one of their main objectives: reducing congestion in the Denver metro area. Hence 
this chapter uses a direct and an indirect measure of congestion—VMT and V/C ratio—to 
study whether the present light rail system has reduced traffic congestion in Denver and 
from the results draws inferences about the ability of FasTracks to mitigate it. 
 
6. Methods 
The relatively few studies on the relation between traffic congestion and light rail 
indicate that the topic is a difficult one to study. Light rail can only help to reduce the 
number of automobiles on the road by converting some of the regular automobile users to 
regular transit users. But traffic congestion is caused due to various other reasons like 
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traffic incidents, construction work, weather incidences, traffic control devices, and lack 
of planning in terms of repair works ([Cambridge Systems, Inc. and Texas Transportation 
Institute, 2005] and [PBS&J and Public Opinion Strategies, 2006]). A data set reflecting 
congestion occurring due to all the above mentioned factors cannot do a fair job when the 
impact of light rail is under scrutiny. Considering this problem, among all the direct 
measures of congestion used by TTI, VMT— which reflects the number of automobiles 
on the road and no other factors that are responsible for traffic congestion—has been 
selected for this study. According to Litman (2010), Denver is a small rail city so the 
impact of rail on traffic congestion will not be visible throughout the city but only in 
specific transportation corridors. Hence the light rail and traffic congestion relation in 
Denver can only be understood at the transportation corridor level and not at the urban 
area level. Therefore, the VMT values of Denver published by TTI could not be used in 
this study because they represent the entire Denver metro region. Instead the VMT values 
were calculated from the Annual Average Daily Traffic (AADT) counts (For details 
about AADT definition and calculation refer to Appendix A) collected from Colorado 
Department of Transportation (CDOT) because this provided VMT values of Denver at 
the transportation corridor level. 
Finally, the methodology used by RTD (2004b) in an unpublished report on the 
Southwest travel corridor was adopted for this study. In the report, RTD has analyzed the 
situation of traffic congestion along the Southwest travel corridor in terms of VMT. The 
2000 and 2001 VMT of Santa Fe drive, situated just beside the light rail line, was 
compared because 2000 was the year of first light rail operation. The VMT had decreased 
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by 8% during that period of time, and RTD concluded that light rail had succeeded in 
reducing traffic congestion. But it is not possible to understand if this reduction is a 
permanent or temporary phenomenon just from the VMT of 2 years. It may happen that 
after reducing congestion for the initial years, VMT again started increasing due to 
increases in population or usage of automobiles. In that case, light rail has failed to 
reduce traffic congestion permanently. Also by studying VMT of only one travel corridor 
it cannot be concluded that the reduction in traffic has taken place due to operation of 
light rail. The reduction may have taken place as a part of the general trend of the region. 
In 2001, the country suffered from an economic recession after the terrorist attack of 11 
September. The reduction in traffic may have taken place due to that economic downturn 
which was present throughout the metro region. Therefore, even though the basic 
methodology of the RTD report was adopted, this study expands its temporal and spatial 
scale of analysis. All the major highways of the Denver metro region have been included 
in the spatial analysis. A comparison of the VMT of the highways within the light rail 
served areas with those outside the light rail served areas helps to reveal whether the 
change in congestion has taken place due to light rail operation or due to other factors. 
The temporal analysis has been done for a period of 16 years based on the availability of 
data, and help to understand the change in traffic volume before and after light rail 
service began. More details about the study area and the time period are provided in the 
next section. In addition to the VMT data, the V/C ratio data have also been considered to 




6.1 Study Area and Time Period 
The light rail system in Denver is operated and maintained by RTD and consists 
of five lines namely C, D, E, F, and H running through 3 travel corridors (Central, 
Southwest and Southeast) (Figure 1.1 and Figure 2.1). It began its operation in October, 
1994. At the beginning only the Central Corridor (5.3 miles), was opened to the public. It 
extends from the immediate north of downtown to the junction of I-25S and Broadway 
serving downtown, the Five Points Business District, and the convention center (RTD, 
2012a). The junction of I-25S and Broadway is also an important place to serve because 
many car commuters leave I-25S at this point to go to downtown through Broadway and 
Lincoln Street. Later, from this junction, the Southeast and the Southwest Corridor lines 
branched out, taking light rail beyond the boundaries of the City and County of Denver.  
The Southwest travel corridor runs parallel to Santa Fe drive (Figure 2.1). It is 
served by the C and D lines. Both the lines run parallel to each other and terminate in 
Littleton, Arapahoe County. The lines however do not begin from the same place. While 
the D line begins from just north of downtown, the C line begins from lower downtown 
(RTD, 2012a). These lines have the capability of reducing traffic on Santa Fe drive, 
Broadway, and Federal Boulevard. Commuters going to downtown through these roads 
can opt to take the light rail because both these lines run beside Santa Fe drive and for a 
distance are parallel to Broadway and Federal Boulevard. Downtown destined traffic 
moving through University Boulevard may also take light rail even though it is not as 
close to the light rail lines as the above mentioned ones. The lines also serve downtown 
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Littleton, and the Englewood Civic Center, a TOD site, which increases their potential to 
reduce road traffic.  
The Southeast travel corridor is served by the E, F, and H lines. These lines were 
completed as a part of the T-REX project in which I-25S and I-225 were also expanded. 
The E and F lines begin from different parts of downtown and run parallel to I-25S, 
terminating in Douglas County (refer to Figure 1.1 for location of Douglas County). The 
H line follows the same route for a while after which it diverts to run parallel to I-225 
(RTD, 2012a). These lines were primarily built to reduce congestion on I-25S and I-225. 
But they are also capable of reducing traffic on Colorado Boulevard, University 
Boulevard, and Parker road due to the location light rail stations on them. This travel 
corridor is very important in terms of congestion reduction not only because it runs 
parallel to two interstate highways but also because it serves the DTC—one of the biggest 
employment centers. These lines also serve some important shopping centers such as the 
Park Meadows Mall and the Asian Market on Parker road, and the University of Denver. 
The E line along with the C line of the Southwest travel corridor serves some of the most 
important sports, entertainment, and educational venues namely INVESCO Field at Mile 
High, Elitch Gardens, and Auraria West Campus (later locations are located between 
Invesco Field and Downtown). Although other than Auraria West Campus, none of the 
other venues attract daily commuters, they can attract thousands of people on specific 
days. The light rail helps to reduce traffic on I-25S on these days. The light rail lines are 
connected to the downtown RTD bus station from which long-distance buses to Boulder, 
Denver International Airport (DIA), and other locations depart. As a consequence they 
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may have reduced congestion along I-70 and US 36. However, the reduction is expected 
to be so minimal that it has not been highlighted in this research work.  
The influence of a light rail line extends for half a mile on either side of the line 
and it is considered to be the ‘light rail corridor’ (Sullivan and Morrall, 1996). However, 
in this study since the impact of light rail on automobiles is being analyzed, the influence 
area has been extended beyond the half-mile distance since it was measured primarily on 
the basis of the walking and biking capability of the transit riders. Hence in this chapter 
instead of the word ‘corridor’ the word ‘influence zone’ has been mostly used. Table 2.1 
and figure 2.1 provide an idea about the influence zone of the three travel corridors. 
Within the influence zone of the Central Corridor lies parts of I-25S and Federal 
Boulevard.  
The influence zone of the Southwest corridor extends over Santa Fe drive, parts of 
Federal Boulevard, and University Boulevard, and the Southeast corridor influences I-
25S, parts of I-225, parts of Parker Road, Colorado Boulevard, and University Boulevard. 
The influence zone has been marked on the basis of the knowledge of the author and 
experience with riding the light rail. Selecting the roads parallel to the light rail lines for 
the purpose of analysis was not a difficult task. Complications arose while selecting roads 
perpendicular to the light rail lines and finally just two roads namely Hampden Avenue 
and parts of Colfax Avenue were selected for the purpose. Both these highways fall 





Colfax Avenue are also influenced by the Central Corridor. Except the highways, 
other types of roads have not been included due to unavailability of data.  
Besides the above mentioned highways, all the other highways of the Denver 
metro region were taken under consideration to have a clear picture of the general trend 
of the region. These other highways were considered to be outside the influence zone of 
the light rail lines. Again some of the highways outside the influence zone namely parts 
of Parker road and Federal Boulevard., C-470, I-70, SH-36, Wadsworth Boulevard., and 
Sheridian Boulevard., were given more importance than the others. It should also be 
mentioned that in this study, the Denver metro region does not mean the entire region in 
figure 1.1 as that is too big for this research work. Hence only the national highways 
within the second beltway (C-470) of the city were taken into account. Due to 
incompatibility between the different data sets and unavailability of data, some parts of a 
couple of highways within this boundary had to be eliminated like the eastern and 
northern parts of C-470. 
As mentioned previously, the temporal analysis has been applied to a period of 16 
years. It began from 1992; two years before the light rail operation began and extended 
until 2008; two years after all the existing lines were opened to the public. Some of the 
analysis has been done for the entire time period of 1992 to 2008. For the rest, shorter 
time periods were considered on the basis of the year operation began in the three light 
rail corridors. The first time period was from 1992-1996 considering the opening of the 
Central Corridor in 1994. The second time period was from 1998-2002 considering the 
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opening of the Southwest corridor in 2000. The third time period was from 2004-2008 
considering the opening of the Southeast corridor in 2006.  
6.2 Data 
The VMT data were calculated from the AADT data and the length of the road 
segments. The AADT data are a measure of the average number of automobiles that 
travel through a particular point of the road daily in a particular year. They were collected 
for the highways from CDOT in two phases. In the first phase, CDOT provided the 
AADT data of the highways from 1986 to 2007. However the entire historical data were 
not used in this study. Since there are data for two years after the opening of the entire 
light rail system in 2006, data for two years before the opening of the system in 1994 
were included and all the years in between. In the second phase, CDOT provided the 
AADT data of 2008 in the form of a shapefile4 representing the road segments of 
Colorado. The two sets of data were joined on the basis of count station IDs or the unique 
number identifying each road segment, beginning and ending points of the segment, and 
length of the road segment. Since some of the count stations had changed between 2007 
and 2008, the join was not successful for all the road segments and they did not have data 
before 2008 in the final shapefile. AADT data of several years were missing in some of 
the other count stations as well. All the count stations that did not have AADT data from 
1992 to 2008 were eliminated. As a result, a large part of C-470 has been eliminated from 
most of the analysis.  
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CDOT does not collect traffic count data of the local roads and so AADT data of 
the local roads were not available in their dataset. The other transportation related 
organizations like DRCOG and RTD do collect traffic count data of the local roads but 
they do not calculate AADT from those data. Calculating AADT is complicated (as is 
evident from Appendix A) and so it has not been done in this study. The local roads 
affected by light rail have been eliminated and inference has been drawn on the basis of 
the situation on the highways only. 
In the shapefile, collected from CDOT, the roads of Colorado are divided into 
multiple smaller sections to facilitate the collection and management of data about them. 
These smaller sections are known as the road segments. The attribute table of the 
shapefile had the length of the road segments. The lengths were expressed in miles and so 
were directly used to calculate VMT of each road segment. 
Finally the VMT for every count station were calculated by multiplying AADT 
data with length of the road segment. This is the main reason why along with count 
station ID and beginning and ending points, the length of the road segment was also 
considered while joining the data sets. The VMT data were primarily used to understand 
whether traffic volume has increased or decreased within the light rail influence zones in 
relation to different parts of the metro region and at what intensity change has occurred, 
before and after light rail operation. 
 The VMT data, however, have a major limitation. They only consider the number 
of automobiles on the road and not the capacity of the road on which it depends. Hence, 
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if the VMT value of a particular road segment do not increase, it is impossible to 
understand whether the road has reached its full capacity or the VMT has not increased 
for some other reason. Therefore, the VMT data were supplemented with the V/C ratio 
data which consider traffic volume in terms of capacity of the road.  
The V/C ratio is calculated on the basis of the carrying capacity and traffic flow 
of the road. The lower the V/C ratio, the less congested is the road. Like VMT, these data 
were also used to understand at what intensity traffic volume has increased or decreased 
within the light rail influence zone in relation to different parts of metro region before 
and after light rail operation. The V/C ratio considers carrying capacity of the roads along 
with traffic flow and so sometimes it seems to be a better measure of traffic congestion 
than VMT. Unfortunately, the V/C ratio data of several years collected from CDOT had a 
lot of inconsistencies between them and so only the data of 2003 and 2008 could be used 
in this study.  
6.3 Method of Analysis 
The data were analyzed in three phases. In the first phase, the VMT values of 
each year from 1992 to 2008 were examined for the highways within and outside the 
light rail influence zone. Before comparison, on the basis of the VMT values raster 
images were created from the shapefile with the help of ArcGIS. The Focal Mean 
Statistics tool of ArcGIS was used to interpolate the VMT values of the road segments 
that were eliminated before due to unavailability of AADT data. The Focal Mean 
Statistics tool calculates the mean of the values of the cells of input raster within a 
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specified neighborhood and then allots that value to the corresponding cell on the output 
raster (ESRI, 2009). It is appropriate for this dataset because it does not have many gaps 
in it. Despite using Focal Mean Statistics it was not possible to estimate the VMT values 
of a large section of C-470 because of the absence of data of all the surrounding road 
segments within the specified neighborhood. The outcome of this process was seventeen 
raster images, such as in Figure 2.2. They depicted the VMT values of the highways in 
Denver for each year from 1992 to 2008. The raster images of 1992 and 2008 were 
compared to understand the change during the entire study time period. A further detailed 
analysis, of all the intermediate years was also conducted by extracting the average VMT 
values of each highway in Denver from these seventeen raster images. The VMT values 
were then plotted against time in a line graph as is evident from Figure 2.3. This helped 
to capture the short term changes that have occurred in the traffic volume immediately 
before and after light rail service began, within and outside the light rail influence zone.  
The increases and decreases in VMT values do not always give a true picture of 
the intensity of change when comparisons are being made between two types of 
transportation corridors—with and without light rail transit. Hence it was necessary to 
calculate percentage change in VMT and compare the percentage change between the 
two types of highways for multiple years. Percentage change in VMT was calculated with 
1992 as the base year. The base year was kept the same in all the calculations to maintain 
uniformity and facilitate the task of comparing different time periods. In this phase, 
thirteen raster images were prepared with the percentage change values. The raster 
images were then used to estimate values of the eliminated road segments through the 
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Focal Mean Statistics tool. After percentage change between 1992 and 2008 was 
compared, percentage change for shorter time periods (mentioned in section 6.1) were 
also compared to understand the short term changes immediately before and after light 
rail opened to the public. The assumption was that the percentage increase in traffic will 
be slower or percentage change will be negative in the light rail influence zones in 
comparison to the non light rail influence zone.  
In the third phase, the V/C ratio data of 2003 and 2008 were compared. This 
comparison just addressed the changes that occurred before and after the Southeast light 
rail lines opened in 2006. 
 
7. Results and Discussion 
Similar to the other cities at the top of the INRIX National Scoreboard, traffic in 
Denver has increased drastically during the last two decades. The average VMT of the 
Denver metro region has increased from 72,00 in 1992 to 97,00 in 2008; an increase of 
35.63% (Figure 2.2). As per the general trend of the region, traffic has also increased on 
the highways surrounding the light rail lines namely I-25S, I-225, and Santa Fe drive 
which is visible from figure 2.2A and 2.2B. In 1992, the VMT was above 250,000 only in 
a small area along I-225 just to the east of its intersection with I-25S. In 2008, highway 
stretches with VMT over 250,000 not only increased along I-225 but also were found 




I-225 lie parallel to the light rail lines while the rest are outside the influence zone. In the 
other highways volume of traffic did not go beyond 250,000 but it also increased 
noticeably. In Santa Fe drive, the VMT was within the range of 25,000 to 75,000 before 
light rail operation began in 1994. By 2008, the range of VMT increased by about 50,000 
and Santa Fe drive had places within the class of 100,000 to 125,000 VMT. Similarly, 
along I-70 and SH-36 which lie away from the light rail lines, the VMT values increased 
approximately by 50,000 and more. In 1992, the maximum VMT value along I-70 and 
SH-36 was 161,000 and 173,000 respectively. In 2008, the maximum values found along 
the same stretches increased to 209,000 and 245,000 while the minimum values remained 
almost the same, increasing the range by approximately 50,000 and 70,000 respectively.  
From 1992 to 2008, the VMT of all the highways in the metro region increased, 
irrespective of their position in relation to light rail. Sometimes the amount of increase 
has also been the same in the highways within and outside the influence zone. The 
highways that are expected to be affected by light rail have shown no deviation from the 
general trend of the region. So, can it be concluded that light rail in Denver failed to 
reduce traffic congestion? This question is difficult to answer just from the above 
analysis for various reasons. First, traffic congestion is self-regulating. Hence the 
reduction in automobiles that took place due to shifting of automobile users to light rail 
could have been filled by new automobile users after sometime and therefore is not 
visible when analysis is done over a period of 16 years. Second, Denver is a small rail 
city and so the influence of one light rail line may not be visible on another light rail 
influence zone. For instance, the last light rail lines—the Southeast corridor lines along I-
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25S— opened in 2006 and may have affected traffic congestion on I-25S but not on 
Santa Fe drive that runs parallel to the Southwest corridor lines. While in order to 
understand the effect of the Southeast corridor we have to study it for the time period of 
2006-2008; to understand the effect of the Southwest corridor we may have to study it for 
the time period of 2000 to 2002. Third, at the end of 1990 and beginning of 2000, Santa 
Fe, I-25S, and I-225 were expanded which increased their carrying capacity and with it 
the amount of traffic. Hence it will not be fair to analyze their situation in terms of VMT 
of just 1992 and 2008 as they have definitely increased with an increase in the carrying 
capacity of the roads. The only conclusion that can be drawn from the similar increase of 
VMT in some parts of the light rail influence zone in comparison to the rest of the region 
is that reduction in the volume of automobiles on the highways due to light rail service is 
just a short-term phenomenon and will not be captured in an analysis done over a long 
period of time. Hence, a more detailed analysis of the VMT has been done in the next 
section to understand the changes that occurred immediately before and after opening of 
the light rail lines in the individual travel corridors.  
The VMT values of the intermediate years between 1992 and 2008 of the 
highways within the influence zone (Figure 2.3A, 2.3B) were compared with those 
outside the influence zone (Figure 2.3B, 2.3C). Except for I-25, Santa Fe drive, I-70 and 
C-470, the VMT value of all the other highways have remained the same or dropped in 
1994; the year light rail began its service in Denver. But it is difficult to claim that this 
decrease took place due to light rail operation because most of the highways were outside 




an interstate that shows no sign of traffic decrease. Small parts of Federal Boulevard and 
Colfax Avenue were also within the influence zone. But considering the general trend of 
the highways and the short stretch of the Boulevard and the Avenue under the influence 
of light rail, it is difficult to conclude that light rail is even partly responsible for traffic 
reduction along those two roads. The VMT values of most of the highways experienced 
some drastic changes during the opening of the Southwest corridor lines (C and D lines) 
in 2000; a glimpse of which is present in figure 2.3A and 2.3C. The VMT values 
increased throughout the metro region between 1999 and 2000. In the next year, the VMT 
values either decreased or remained the same throughout the region. The changes were 
more pronounced within the influence zone than outside the influence zone.  
The average increase in VMT values throughout the region from 1999-2000 was 
1500. At the same time the average increase within the influence zone was 4700. The 
average increase of VMT values in some of the selected highways outside the influence 
zone was less, 1700, than within the influence zone. It is difficult to specify if the 
prominent increase in the VMT values within the influence zone solely took place due to 
introduction of light rail because at the same time a part of Santa Fe drive was also 
widened. Other than Santa Fe, which definitely experienced the maximum increase in 
VMT, Federal Boulevard, University Boulevard, and Hampden Avenue also experienced 
increases in VMT. Hence, it can be said that light rail to a certain extent did exacerbate 
the increase in VMT values within the influence zone. 
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In the next year—2000 to 2001—exactly the opposite trend was noticed and the 
VMT values of the highways within the influence zone decreased. This trend was, 
however, not noticed throughout the metro region. The VMT values of the whole metro 
region increased at an average of 8 and for the selected highways outside the influence 
zone the average increase was 300. On the contrary, the VMT values of the highways 
within the influence zone decreased at an average of 2000. The maximum decrease took 
place in Santa Fe drive which is situated just beside the light rail lines. A noticeable 
decrease also took place in Federal Boulevard and University Boulevard. Since the VMT 
values within the influence zone decreased in contrast to the increase in VMT values 
throughout the metro region, the decrease can be attributed to the opening of the 
Southwest corridor light rail lines in 2000. Some may argue that the reduction has taken 
place due to the economic recession of 2001. But if that was the cause then it would have 
been visible in the highways outside the influence zone as well. Moreover there is no 
mention of any decrease in traffic for the Denver metro region in the The 2003 Annual 
Urban Mobility Report. Therefore this argument can be dismissed and the credit for 
traffic reduction within the influence zone in 2000-2001 can be given to operation of 
Southwest corridor light rail lines.  
The Southeast corridor light rail lines (E, F, and H lines) opened in 2006 and 
since then there has taken place a consistent decrease in the VMT values of the highways 
within the influence zone (Figure 2.3A). The decrease in VMT values from 2005-2006 
was concurrent to the decrease in VMT values throughout the metro region. The decrease 
was, however, more within the influence zone than outside. The average decrease of 
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VMT values throughout the region was 98 and for the selected highways outside the 
influence zone it was 500. Simultaneously within the influence zone, the VMT values 
dropped at an average of 600. As during 1999-2000, beginning of light rail service in 
2006 exacerbated the regional trend of traffic volume change within the influence zone. 
The only difference is that in 1999-2000 the regional trend was increase in traffic and in 
2005-2006 the regional trend was decrease in traffic. 
In 2006-2007, a decrease in VMT values was only noticed within the influence 
zone. The VMT values within the influence zone decreased at an average of 550 whereas 
in the rest of the region it increased at an average of 500. Even in the selected highways 
outside the influence zone it increased at an average of 1400. So the decrease in VMT 
values within the influence zone especially Colorado Boulevard, University Boulevard, 
Parker road, Hampden Avenue, and Colfax Avenue can be attributed to the opening of 
the Southeast corridor light rail lines. However it is difficult to understand if the VMT of 
Federal Boulevard and Santa Fe drive have reduced due to the same reason as they do not 
directly fall under the influence of the Southeast corridor. But commuters can definitely 
transfer from the Southwest to the Southeast corridor light rail lines and that may have 
helped to reduce the VMT. Similar to the Southwest light rail lines, the Southeast light 
rail lines also reduced traffic within the influence zone on the second year of operation in 
contrast to the regional trend of increase in traffic volume. 
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There was a noticeable amount of reduction in traffic from 2007 to 2008. But this 
was observed throughout the metro region and had taken place due to economic recession 
according to the 2009 Urban Mobility Report. 
The Southeast light rail lines were primarily built to reduce congestion on I-25S 
and I-225 and hence their success cannot be determined without considering the change 
along these Interstate highways separately (Figure 2.3B). Both these highways were 
broadened just before light rail service began along Southeast corridor and therefore the 
situation along them was different from the other ones in the region. From 2000, 
construction began on I-25S and parts of I-225, which prevented traffic from increasing 
along them and kept the VMT values almost constant. After construction was over there 
was a sudden increase in traffic in 2005. Traffic increased not only because construction 
work was over but also because the roads were widened which increased their carrying 
capacity and provided more space to cars. Surprisingly, the increase in traffic along I-25 
and I-225 did not correspond to a decrease in the traffic in the other selected highways. 
Hence the increase in traffic was mainly due to induced demand. After 2005, the increase 
in VMT was not as intense as between 2004 and 2005 but it continued. Even after light 
rail service opened in 2006, the VMT values kept on increasing in I-25. The VMT values 
of I-225 reduced, however the reduction was both within and outside the influence zone. 
Hence, light rail did not reduce traffic on I-25S and I-225 even for a short period of time 
after service began in Southeast corridor. Probably, due to expansion, the congestion 
levels were not repelling enough to convert large number of automobile users to light rail 
users and decrease the overall VMT. The space vacated by some automobiles users who 
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shifted to light rail was quickly filled up by new users and the decrease was never 
reflected in the VMT values.  
From the above discussion, it is evident that there were some changes in traffic 
volume within the influence zone due to the beginning of light rail service in 2000 and 
2006. Just from VMT values it is difficult to understand the intensity of the change in 
comparison to the rest of the metro region. Therefore percentage change of VMT values 
was calculated. Figure 2.4 depicts the percentage change in traffic from before to after the 
Southwest corridor light rail lines were opened to the public. In 1998-1999, like most of 
the highways in the metro region, the highways within the influence zone experienced 
0% to -9.99% changes in VMT (Figure 2.4A). In 1999-2000, the average change in VMT 
in the region was 9.24%, whereas most parts of the highways within the influence zone 
observed greater amount of traffic increase from 10%-25% and 25%-50% (Figure 2.4B). 
The maximum increase took place in Santa Fe drive where traffic increased at the rate of 
33.42% during this time. In 2000-2001, the amount of traffic increase reduced drastically 
in the entire region to 0.92%. Within the influence zone, all the highways observed a 
remarkable decrease in traffic and most of their sections belonged to the classes below 
0% change in VMT (Figure 2.4C). Santa Fe drive experienced the maximum decrease of 
-8.6%. Hence, from 1998-2002, the results of percentage change analysis support the 
conclusions derived from VMT values analysis. Light rail service pronounced the 
increase in traffic within the influence zone in 1999-2000 and decreased traffic in 2000-




Percentage change in VMT values before and after opening of the Southeast 
corridor light rail lines are depicted in Figure 2.5. In 2004-2005, the average change in 
traffic throughout the region was 11.41%. Unlike the highways under the influence of the 
Southwest light rail lines, the highways under the influence of Southeast light rail lines 
did not follow the general trend of the region (Figure 2.5A). Some of the sections were 
within the class of 10% -25% increase whereas the other sections were in other classes. In 
2005-2006, the general trend of the region was 3.87% decrease in traffic. The highways 
within the influence zone belonged to the class of 10% decrease to 10% increase in traffic 
(Figure 2.5B). So if the entire region is considered, light rail service did not exacerbate 
the regional trend of traffic change in 2005-2006 within the influence zone, as was 
depicted by the average VMT values. In I-25S and I-225 there took place 0.01% and 
0.94% increase in traffic, supporting the conclusion of the VMT value analysis that there 
took place no decrease in traffic in these Interstate highways due to beginning of light rail 
operation. In 2006-2007, the results of percentage change in VMT analysis coincided 
with the results of the previous analysis. There was an average increase of 3.02% in 
traffic throughout the region during this time. In contrast, within the influence zone, the 
majority of the highway sections except Santa Fe drive and Federal Boulevard 
experienced a reduction of 0% to 10% (Figure 2.5C). In I-25S traffic increased at the rate 
of 2.68% and in I-225 it decreased at the rate of 2.99%. Hence, traffic reduction took 





Finally, the V/C ratios of the highways were mapped in order to understand the 
changes in traffic conditions throughout the metro region in relation to the carrying 
capacity of the highways. In 2008, most parts of the highways in the metro region had a 
high V/C ratio of 0.801 to 1 except some parts at the periphery (Figure 2.6A). No distinct 
trend along the highways within the light rail influence zone was observed. When 
compared with the situation of 2003 (Figure 2.6B), it is found that the condition has 
deteriorated along Santa Fe drive and I-225. In the other places within the influence zone 
the situation has either remained the same or improved. It is difficult to conclude whether 
the improvement has occurred due to light rail because of its wide prevalence throughout 
the region. In 2007-2008, there was a decrease in traffic due to the recession and the 
improvement in V/C ratios could be a part of it. In 2003, the high V/C ratio along some 
of the highways around I-25 and I-225 may be due to construction work going on in 
them. So traffic of both the years under analysis were influenced by various other factors 
affecting them and so it is difficult to attribute the change in V/C ratio due to light rail. 
V/C ratio of some of the other years would have been more helpful but unfortunately they 









In Denver, the three light rail corridor appear to have succeeded in reducing the 
volume of traffic of some of the highways in close proximity for a short period of time. 
The light rail lines of the Southwest corridor began service in 2000 and they may have 
contributed to decrease of traffic on Colfax Avenue, Federal Boulevard, Hampden 
Avenue, Santa Fe drive, and University Boulevard in 2000-2001. At the same time, the 
traffic volume in the other parts of the metro region increased which provides more 
supporting evidence that the traffic reduction in the highways near the light rail took 
place due to light rail service. The same situation was repeated in 2006-2007, a year after 
the light rail lines opened along the Southeast corridor. This time in addition to reduction 
in the traffic volume of the above mentioned roads, the traffic of Colorado Boulevard, 
Parker road, and I-225 also decreased in contrast to the increase in traffic in the rest of the 
region. The light rail line, however, did not have any impact on I-25S because this 
Interstate highway was widened just before opening of the light rail lines increasing its 
carrying capacity. 
The light rail lines had a different impact on the traffic volume of the highways 
within the influence zone the year before traffic reduction was noticed in them. In 1999-
2000 and 2005-2006, the regional trend of traffic volume change was pronounced within 
the influence zone. In 2005-2006, the regional trend was a decrease in traffic volume 
which took place at a higher rate within the light rail influence zone. But in 1999-2000, 
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the regional trend was an increase in traffic volume which also took place at a higher rate 
within the influence zone.  
The light rail lines failed to have a major impact on the traffic volume of the entire 
metro region despite attracting nearly 20 million unlinked passenger trips in 2009 
(American Public Transportation Association, 2009). The Denver light rail system serves 
a very small portion of the metro region which is evident from figure 2.1 and hence it 
does not have the capability of casting a major impact on the traffic volume of the entire 
region. The impact also lasted just for a year after beginning of light rail operation and 
then faded away as new automobile users filled up the space vacated by the automobile 
users shifting to light rail. Hence, the impact of light rail on traffic reduction was not 
visible over a long period of time such as 16 years in this study. 
The impact of light rail, though not a major one, cannot be considered 
inconsequential as well. The ridership has kept on steadily increasing since the opening 
of the first line in 1994 which is evident from table 2.2. The ridership increased from 4 
million in 1995 to 20 million in 2009, an increase of about 400%. If all the light rail users 







This study has analyzed the impact of light rail on traffic volume along the 
highways within the influence zone in comparison to the entire region. But the study 
could not analyze whether the reduction in traffic was sufficient to reduce the level of 
traffic congestion in the highways. For that purpose, V/C ratio data of all the 16 years 
under scrutiny were necessary which were not available in a consistent format from 
CDOT. V/C ratio better represents traffic congestion as it includes road capacity along 
with traffic flow. Hence, in the future it would be interesting to study the change in V/C 
ratio within and outside the light rail influence zone after processing the data to compare 
multiple years properly. 
Finally, it should be mentioned that the results of the above study, in no way 
indicates that FasTracks will drastically reduce congestion of the metro region. But there 
is a great potential for it to reduce traffic congestion to a certain extent for a short period 
of time. It may actually accomplish the task better than the present light rail system due 
to various reasons. First, FasTracks will be serving a greater part of the metro region than 
the two existing light rail corridors. It will reach out to almost every important part of 
Denver making it more attractive to the commuters and non-commuters. A larger system 
should result in greater network connectivity, and thus higher ridership levels, and more 
diversion from automobile use to transit use. Second, FasTracks is not focusing on one 
particular mode of transit instead it is providing an array of transit services which may be 
more conducive in serving different sections of the population. For instance FasTracks is 
building commuter rail to far distance places like Boulder, Longmont, and Denver 
International Airport. This will help people to get to those places faster than by light rail 
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and so may attract more passengers than light rail has done. Third, in FasTracks the rail 
lines are being provided with a better feeder bus network than the present light rail 
system. The concept of Fast Connects may help to attract even more passengers by 
reducing the transfer time at some selected park-n-rides. Fourth, the present light rail 
system has provided people of Denver with an idea of the pros and cons of riding rail 
transit which will be helpful towards attracting passengers to the Fastracks lines. 
 
9. Notes 
1. Part of this chapter has been published as a journal article: Bhattacharjee, S. and 
Goetz, A.R. 2011. Impact of light rail on traffic congestion in Denver. Journal of 
Transport Geography. Vol 22, 262-270. 
2. Direct measures of traffic congestion include all the parameters and variables 
used by TTI to measure the congestion level of 437 cities in the US. Some of the 
variables are national level constants namely vehicle occupancy, working days, 
percent of daily travel in peak period, average cost of time, and commercial 
vehicle operation cost. The other variables are urban area variables namely daily 
vehicle-miles of travel, population and peak travelers, fuel cost, and truck 
percentage. The 15 parameters measured primarily from the above mentioned 9 
variables are roadway congestion index, percent of daily travel in congested 
conditions, travel speed, travel delay, incident-related travel delay, annual person 
delay, travel time index, fuel economy, wasted fuel, congestion cost, percent of 
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congested cost, and lane-miles and passenger trips required to hold congestion 
constant. Since TTI is the most noted organization measuring traffic congestion of 
the urban areas in US since 1982 so any parameter that has not been used by them 
is considered to be an indirect measure of congestion— The Urban Mobility 
Reports of Texas Transportation Institute at The Texas A&M University System. 
3. INRIX is a private sector company that provides nationwide traffic information. 
Like TTI it also analyzes the traffic congestion of different urban areas. But 
unlike TTI it provides distinct ranks to the cities on the basis of all the parameters. 
TTI provides ranks to the cities on the basis of some individual parameters but do 
not provide any comprehensive rank. So it is easier to understand from INRIX 
scoreboard the traffic congestion situation of a city in terms of the entire 
country—INRIX National Traffic Scoreboard website. 
4. A shapefile is,  
“an Esri vector data storage format for storing the location, shape, and attributes 
of geographic features. It is stored as a set of related files and contains one feature 
class. Shapefiles often contain large features with a lot of associated data and 
historically have been used in GIS desktop applications such as ArcGIS for 
Desktop and ArcGIS Explorer Desktop. If you have a small amount of data in a 
shapefile—generally fewer than 1,000 features—you can make it available for 
others to view through a web browser by adding it as a .zip file containing the 







10.  Key Findings 
• In Denver metro region, the operation of Southwest and Southeast light rail 
corridors reduced traffic congestion for a small period of time along the highways 
in their vicinity. 
• In 2000-2001, after Southwest corridor started operating, the traffic volumes 
along the highways influenced by light rail decreased in contrast to an increase in 
the rest of the region. Hence, due to operation of Southwest corridor traffic 
congestion reduced in some parts of Denver metro region for a year. 
• The Southeast corridor opened in 2006 and since then there have taken place a 
consistent decrease in the traffic volumes of the highways influenced by light rail. 
The decrease in 2005-2006 was concurrent to the decrease throughout the metro 
region. In 2006-2007, the traffic volume reduced only along highways influenced 
by light rail and therefore this trend can be attributed to the opening of the light 
rail corridor. In 2007-2008, the decrease in traffic was primarily due to economic 
recession and was again noticed throughout the metro region. 
• Light rail did not reduce traffic on I-25S and I-225 even for a short period of time. 
Most probably because both these highways were widened at the same time and 
due to the added road capacity the congestion levels were not repelling enough to 
convert large number of automobile users to light rail users and decrease the 







CHAPTER THREE: IMPACT OF LIGHT RAIL AND FASTRACKS ON LAND 
USE IN THE DENVER METRO REGION: A LITERATURE REVIEW 
 
1. Introduction 
Transportation has played an important role in determining the spatial form and 
organization of different land use in American cities since the Nineteenth Century 
(Muller, 2004). Adams (1970), in his urban area growth model based on the evolution of 
American mid-western cities, has identified four eras of growth (Figure 3.1). Each era has 
been associated with a major change in transportation technology and has provided a 
different form to urban areas and organization to urban land use. In the first and third 
eras, the Walking-Horsecar Era (1800-1890) and Recreational Automobile Era (1920-
1945) respectively, urban areas were circular in shape because all parts of the urban areas 
were equally accessible. In the second and fourth eras, the Electric Streetcar Era (1890-
1920) and Freeway Era (1945 onwards) respectively, urban areas became star-shaped. 
They expanded along the major transportation lines that radiated from the central city 
while the interstitial areas remained undeveloped. Along with the form, the organization 
of urban land use also changed. Higher and middle-income residential areas moved to the 
periphery of the central cities, giving rise to suburbs. The first suburbs were formed 





land use reached the suburbs following residential land use. Improvement in 
transportation technology also led to increased segregation of different types of urban 
land use (Taaffe et al., 1996).  
Muller (1981) has further extended this urban area growth model by including the 
impact of a mature highway system consisting of both radial and circumferential 
highways. Due to the expansion of the highway system, urban areas have grown by leaps 
and bounds in the second half of the Twentieth Century and suburban downtowns and 
edge cities have emerged. Hartshorne and Muller (1989) have explained in further detail 
the evolution of suburbs through five stages: bedroom community stage, independence 
stage, catalytic growth stage, high rise/high technology stage, and mature urban centers 
stage. Today, most large urban centers have lost their monocentric nature. Now they are 
polycentric in nature, with self-sufficient suburbs around the suburban downtowns 
located at the periphery of the central city, which itself encompasses the traditional 
central business district ([Taaffe et al., 1996] and [Muller, 2004]). Besides the above 
mentioned urban growth models, various other urban land use models and theories have 
also considered the influence of transportation on organization of urban land use such as 
the Land Rent Theory, Burgess Concentric Model, Homer Hoyt’s Sector Theory, and 
Harris and Ullman’s Multiple Nuclei Theory ([Rodrigue et al., 2009] and [Taaffe et al., 
1996]) 
From Adams’ (1970) urban area growth model, it is evident that rail transit 
profoundly influenced the form and organization of urban areas from 1890 to 1920. 
During this time, a one-mile streetcar line led to a 3.2% increase in single-family 
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residences in the region (Harrison, 1978). Rail transit hastened the growth of the 
downtown areas and other employment centers along the corridor (Cervero and Seskin, 
1995). Then, with the advent of automobiles, the popularity and influence of rail transit 
on urban areas declined. The old rail transit systems were revived and new ones were 
built once more beginning in the 1970s with the help of a huge amount of government 
funds (Pucher, 2004). With the interest on rail transit renewed, several studies were 
conducted on the impact of these “new generation” rail transit systems on the form and 
organization of urban areas (Giuliano, 1988).  
However, only one study (Ratner and Goetz, 2011) has been conducted to date on the 
impact of a rail transit system on Denver metro region. This study examines the 
magnitude of urban development that has taken place since 1997 around the proposed 
and present rail transit stations in the Denver metro region. However, it is limited in 
scope due to the following reasons. First, it only takes into account the land use within a 
quarter-mile radius of the present and proposed rail transit stations. Second, the results 
have been derived solely from descriptive statistics. Hence in the following chapters of 
this dissertation an attempt has been made to examine in more detail the impact of the rail 
transit system on land use in the Denver metro region. The present study differs from 
Ratner and Goetz (2011) in terms of both the extent of the study area and methods of 
analysis. This study considers developments taking place within the entire present and 
proposed rail transit corridors–half-mile corridor on the either side of the rail transit 
lines—of the Denver metro region. It compares the developments taking place within the 
rail transit corridors with the developments taking place outside the rail transit corridors. 
 
112 
The results have not only been derived from descriptive statistics but also from inferential 
statistics. 
This literature review lays the foundation for the following chapters of the 
dissertation. The chapter has been divided into three sections. The first section discusses 
the findings of several studies conducted on the impact of rail transit systems on urban 
areas since the 1970s. In the second section, the current and projected impact of the rail 
transit system on land use in the Denver metro region is addressed. It includes the various 
urban planning policies that have been adopted to maximize the influence of the rail 
transit system. The third section discusses the developments taking place outside the rail 
transit corridors.  
 
2. Impact of Rail Transit Systems on Urban Areas 
One of the expectations from the rail transit systems built or rejuvenated since the 
1970s was that they would  
“stimulate, revitalize, order, compact and/or create infrastructure economies in urban 
development in contrast to what would have occurred without such a system” (Knight 
and Trygg, 1977: 231). 
It was expected that the majority of the developments in urban areas would take place 
around the stations or within the corridors of the rail transit lines (Huang, 1996).  
However, the results of several studies have revealed that the “new generation” rail 
transit systems do not have a strong impact on urban form and organization when 
compared with the impact they had during the Electric Streetcar Era (1890 to 1920). This 
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is primarily because they do not increase accessibility to a large extent as automobiles 
can currently reach most parts of the urban areas ([Knight and Trygg, 1977], [Huang, 
1996] and [Cervero and Seskin, 1995]). In a study, conducted by Harrison and Kain 
(1974) of 49 US metro cities from 1920 to 1970, the authors found that the influence of 
automobile registration on urban densities is 3.5 times more than rail transit mileage. 
According to Boyce (1972),   
“the subway reflects the condition of the area through which it passes … If the district 
is growing rapidly, the subway accelerates such growth; where it is stagnant, the 
values along the route change little; where influences are such as to cause land values 
to drop, the subway fails to pull the area in question from the slump it is 
experiencing” (Cervero and Seskin, 1995: 7).  
Nevertheless, rail transit systems do have a profound impact on urban areas when 
supported by other favorable factors such as local zoning policies, availability of land, 
and good economic conditions ([Knight and Trygg, 1977], [Huang, 1996] and [Cervero 
and Seskin, 1995]).  
 Knight and Trygg (1977), in a report for the US Department of Transportation, 
examined the impact of rail transit systems on urban land use of 15 North American cities 
and several European cities. Based on the published studies of cities such as New York, 
Boston, and Chicago and empirical data from cities such as Toronto, Montreal, and San 
Francisco, the major findings of the study are as follows:  
• The rail transit systems did not increase the population or generate employment 
opportunities in urban areas. According to the US Census Bureau, in 1970 and 
1975, the population migrated from larger to smaller urban areas and these 
smaller urban areas did not have rail transit systems. However, the rail transit 
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systems attract growth from other parts of the urban areas to the corridor. For 
instance much of the growth that took place along Toronto’s subway line would 
have taken place anyway in other parts of the city if the subway line had not been 
built. The subway line did not increase the amount of growth; it just consolidated 
the growth around the subway line.   
• The rail transit systems have aided the growth of the central business districts and 
other major employment centers but only when other favorable conditions were 
present. In San Francisco, Bay Area Rapid Transit System (BART) has led to the 
revitalization and expansion of the central business district around Market Street 
station and to the growth of commercial activities in Oakland and Berkeley. Yet 
BART service has not instigated any growth in places such as San Francisco’s 
Mission Street and Hayward downtown. These facts indicate that other factors are 
required for the rail transit system to be successful in revitalizing and stimulating 
growth in the central business district or other employment centers. Some of the 
factors pointed out in this study include existence of an active downtown area, 
passage of considerable amount of time after rail transit service began, presence 
of large sized non-utilized or underutilized parcels, location of the business 
district immediately beside or above the transit station, and public-private 
investment to initiate growth. 
• Rail transit systems have also led to the consolidation of land use around station 
areas other than the central business district and other major employment centers. 
For instance, office complexes have developed around North Quincy station of 
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Boston’s red line. The North Quincy station is neither located in the central 
business district nor is it a major employment center. It had a mixture of land to 
be used for residential, industrial, and commercial purposes. Again, in this case, 
intense land use patterns did not develop around all of Boston’s red line stations 
and therefore there were other favorable factors that aided the growth around 
North Quincy station. Some of the favorable factors pointed out by the study are 
absence of opposition from the station area residents towards high-density 
development, favorable social and physical characteristics such as availability of 
reasonable sized land for development, and location of the station near the activity 
centers. 
• Favorable land use policies have aided the consolidation of the land use around 
the station areas. For instance in Toronto, the allowance of high floor ratios 
(12:1), aggressive air-rights sale, and changes in zoning acted as a catalyst 
towards increasing the development density along the rail transit system. On the 
other hand, height limitations around stations in Washington D.C. have hindered 
high density development around the rail transit stations. Station areas, which 
were densely developed even before the rail transit service began, did not 
experience much growth due to the unavailability of land. 
• The authors predicted that light rail systems will have less impact on urban land 
use than heavy rail systems. 
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To summarize, this study concluded that rail transit systems consolidate land use along 
the corridor only when supported by other favorable factors, whether it be the downtown 
area, suburban employment centers or residential areas.  
In a follow up study, Knight (1980) commented that since the consolidation of 
land use within rail transit corridors results from the interplay of several factors, such as 
existence of an active downtown area, passage of considerable amount of time after rail 
transit service began, presence of large sized non-utilized or underutilized parcels, 
location of the business district immediately beside or above the transit station, and 
public-private investment to initiate growth., it is necessary that coordination between 
these factors is introduced from the very beginning. The authors revealed another finding 
on the basis of the analysis conducted in the previous study. The developments that took 
place within the rail transit corridors were a very small portion of the developments 
taking place in the entire metro region. This fact is true even for Toronto’s rail transit 
system, which is considered to be very successful in consolidating land use within the rail 
transit corridors. 
There are two very important problems that scholars encounter while examining 
the impact of rail transit systems on urban land use. First, it is difficult to quantify the 
amount of development that has taken place due to the rail transit system alone and the 
amount that has taken place due to other factors such as changes in local zoning and good 
market conditions. Second, it is difficult to gauge the time required for a rail transit 
system to impact the surrounding land use. For instance in 1979, a few years after BART 
service began, a study found very minimal impact of BART on urban land use. A follow 
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up study, conducted 20 years later, reported greater impact of BART on urban land use. 
Hence, it took about 20 years for BART to have a considerable amount of impact on land 
use within the rail transit corridors. On the other hand Cleveland’s rapid transit system 
never led to the consolidation of land use within the rail transit corridors primarily 
because it does not serve the business corridor of Cleveland, it passes through low 
population density areas and industrial areas, and the station areas are not easily 
accessible (Huang, 1996).  
Despite the above mentioned problems, study on the relationship between rail 
transit systems and urban land use continued steadily into the 1990s, which is evident 
from the journal articles published by Cervero and Seskin (1995), Huang (1996), and 
Badoe and Miller (2000). The primary objective of these articles was to summarize the 
huge amount of literature available on rail transit systems and land use connection. Even 
after two decades, these authors supported the major findings of Knight and Trygg 
(1977): rail transit does not generate more population and employment and to attract 
urban development within the rail transit corridors, it is necessary to have supportive 
governmental policies and favorable physical and economic conditions. The necessity of 
the supportive policies to consolidate land use within the rail transit corridors is more 
acute in the US than in Europe and Canada (Cervero and Seskin, 1995). Cervero and 
Seskin (1995) also confirmed the prediction of Knight and Trygg (1977), through an 
examination of the available literature, that light rail systems have a weaker impact on 
land use than heavy rail systems. This is primarily because they provide less new 
accessibility as in most cases they make use of already existing rail lines with little 
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development potential. However, unlike Knight and Trygg (1977), these journal articles 
provide more information about the impact of light rail systems on urban land use. 
 
Some of the new findings of Cervero and Seskin (1995), and Huang (1996) are as 
follows:  
• The relationship between rail transit systems and urban land use is not 
unidirectional. While on one hand, rail transit systems influence urban land use, 
on the other hand urban land use also influences rail transit systems, especially by 
influencing transit ridership. Higher population and employment density within 
the rail transit corridor leads to higher transit ridership. People living or working 
near the rail transit stations have a higher chance of using the rail transit system 
(Cervero and Seskin, 1995).  
• Rail transit systems not only lead to the consolidation of urban land use but also 
to decentralization and multinucleation of different land use by increasing 
accessibility of the people. People may prefer living further away from their work 
place because the rail transit system now allows them to travel a greater distance 
in the same amount of time. This leads to the formation of strong population and 
employment centers around the stations and away from the central city ([Cervero 
and Seskin 1995] and [Huang 1996]).  
• Rail transit systems affect commercial land use more than any other type of land 
use (Cervero and Seskin, 1995). Station areas with large amounts of single family 
residential units have experienced very minimal growth due to construction of rail 
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transit (Parsons Brinckerhoff Quade & Douglas Inc., 1996: 26-31). There is no 
mention of influence on industrial land use in the literature, which gives an 
indication that rail transit systems are not build to consolidate industrial land use.  
• Several institutional factors have led to urban development around station areas in 
Canada and Europe. Consequently, in these places supportive land use policies 
are often not required to attract development around station areas. For instance, in 
Stockholm, Toronto, and Vancouver, transportation and land use planning is done 
by the same agency. It is therefore easier to use transportation as a tool for 
shaping the urban area. Conversely, in the US, transit service is provided by one 
agency and transportation planning is conducted by another. As a result there may 
be a difference in the goals and objectives of these two agencies, which may 
create a barrier to urban development taking place within the transit corridor. The 
transit agency may locate transit stations in an area where the planning agency 
does not allow intense development.  
 In cities such as Stockholm and Toronto, the local governments bought 
considerable amounts of land beside the rail transit lines so that it could be later 
used appropriately for dense development. This provided more power to the local 
governments to gear the developments towards the land beside the rail transit 
lines. In the US, transit agencies cannot buy land beside the rail transit systems 
and hence do not have much power to influence the development taking place 
adjacent to the rail transit lines (Cervero and Seskin, 1995). 
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• Light rail systems are built not because they have a greater impact on urban land 
use than heavy rail systems but because they have a lower construction cost 
(Huang, 1996).  
 
It should be noted that most studies have examined either the impact of all types of 
rail transit systems on land use or the impact of only heavy rail systems on land use. 
There are very few studies such as that of Cervero (1984) and Glick (1992) which have 
examined exclusively the impact of light rail systems on land use. There are likely three 
main reasons behind the dearth of studies on the impact of light rail systems alone on 
urban land use. First, the nature of the impact of light rail systems on urban land use is 
similar to that of heavy rail systems. Therefore, studies examining light rail systems 
exclusively do not report different trends from those focusing on heavy rail systems or all 
types of rail transit systems. Second, light rail systems were built later than the heavy rail 
systems. Third, the impact of the light rail systems is weaker than the heavy rail systems 
because they provide less accessibility, have lower operating speed/higher travel time and 
lower passenger capacity than the heavy rail systems. These disadvantages give rise to 
lower levels of ridership and hence weaker impact on land use. Most light rail systems 
have a strong impact on the land use of the downtown area. They have very minimal 
impact on the land use of suburban areas (Cervero, 1984). 
The impact of rail transit systems on land use can be better understood through a 
consideration of several case studies. In the following part of this section, three heavy rail 
transit systems and two light rail transit systems of North America will be examined in 
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detail: Toronto Rail Transit System, Washington Metropolitan Area Transit Authority 
System, Bay Area Rapid Transit System, San Diego Trolley, and Portland’s Light Rail 
Line. 
 
2.1 Toronto Rail Transit System 
Toronto’s rail transit system (Figure 3.2) is considered to be very successful in 
consolidating land use around station areas. The first phase of the line opened in 1954, 
while the rest of the system opened in 1963, 1966, and 1968 (Kenworthy, 1991). The 
effects of the rail transit system on urban development have been observed since 1959. 
From 1959 to 1963, 48% of high-rise apartment buildings and 90% of office 
developments took place in the downtown area and within Yonge Street rail transit 
corridor (Knight and Trygg, 1977). Between 1975 and 1988, 1500 residential units were 
added to the downtown area, which increased the population by 19% (Kenworthy, 1991). 
In the 1990s, 25% of the population traveled by transit, a mark that was not even reached 
by New York City at that time.  
Newman and Kenworthy (1996) compared Toronto with Detroit, as both cities 
had similarities in terms of geographic position, climate, and history of urban 
development. They found that due to aggressive policies to consolidate land use around 
the rail transit system, Toronto increased its urban density whereas Detroit did not. In 
addition, between 1960 and 1980, Toronto’s transit use increased by 48% whereas 
Detroit’s declined. Greater Toronto’s car usage increased by 873 km per capita whereas 




that Toronto was moving in the direction of becoming a transit-oriented city rather than 
an auto-oriented city. City officials were developing plans to gear majority of the future 
growth towards York University, Downsview airbase, Ataratiri housing development 
(east of downtown Toronto), and other places close to the rail transit stations in the 
central city as well as suburbs (Kenworthy, 1991). 
Even though Heenan (1966) has attributed this entire development to the rail 
transit system, Knight and Trygg (1977) have discovered other factors that could also be 
responsible for the massive development that took place within the rail transit corridors 
since the late 1950s. First, the downtown area and Yonge Street corridor were congested 
in terms of population and employment even before the rail transit system was built. 
Therefore, it was already a place where intense land use development existed or would 
have been attracted anyway. Second, a surge of available capital, influx of immigrants, 
absence of major social and ethnic problems, employment opportunities, favorable 
geographical location; all added to the increase in urban developments. Third, the land 
use policies of the City of Toronto and five suburban boroughs were conducive to dense 
development. The City of Toronto, even before the rail transit system began operating, 
allotted the downtown area for “intensive high-rise, multiple-use development, typically 
with a maximum floor ratio of 12:1” (Knight and Trygg, 1977: 44). This policy was soon 
extended to the suburban station areas. This allowed buildings of fifty stories or more to 
be built around the station areas while in rest of the city the structures were no more than 
five stories. Fourth, the government had succeeded in acquiring about 140 blocks of land 
(over 5 million square feet) for building the rail transit system. This amount of land was 
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much more than required to build the system. The government leased the rest of the land 
out for various purposes. This not only allowed the government to gear the development 
taking place towards the station areas but also helped them to earn revenue. In 1977, the 
government was earning about $ 1 million in annual rent.  
Some of the important developments that took place around the different rail 
transit stations are as follows. In the downtown area, the City Hall, Toronto Dominion 
Center, several large office buildings, and the Eaton shopping center were constructed. 
Along the Yonge Street line there is a large bus terminus, office complexes at the 
intersection of Eglington Avenue and Yonge Street, and Canada square high-rise 
complex. Along the Bloor- Danforth line, 14-16 story apartment buildings were built near 
the High Park station. Intense development has also taken place around the Main street 
station and Islington station. However, urban development along this line has been less 
dense than along the other lines (Knight and Trygg, 1977).  
Development along Toronto’s rail transit system also faced opposition against 
high-density development and poor quality of urban design. Fortunately these uprisings 
started only after a considerable amount of consolidation of land use had already taken 
place. Nevertheless, the growth of the downtown area continued at the same pace and 
several very well developed sub-centers also emerged in the suburban areas (Kenworthy, 






2.2 Washington Metropolitan Area Transit Authority (WMATA) System 
This rail transit system (Figure 3.3) started serving the Washington D.C. area in 
1976. It began influencing the urban land use immediately, which is evident from the 
study by Knight and Trygg (1977). In this study, the authors report that there exists a 
huge amount of potential for urban development around stations such as Metro Center, 
Gallery Place, Farragut North, Friendship Heights, and Potomac Avenue. They also point 
out the public and private developments that had already begun or had been proposed 
around these stations such as Convention Center near Metro Center and Gallery Place, 
International Square near Farragut North, Neiman Marcus department store near 
Friendship Heights. The construction of WMATA system is primarily responsible for the 
rejuvenation of central city Washington. 
In 1993, Green and James conducted another study regarding the influence of 
WMATA system on development around the rail transit stations with the help of 
population and employment data. They compared the growth in population and 
employment in the station areas – areas within 1/4th mile radius of rail transit stations – 
with places outside the station areas. They also compared the growth taking place within 
the rail transit corridors with that outside the rail transit corridors. The study concluded 
that more growth is taking place around the rail transit stations in comparison to other 
places within the rail transit corridors and places outside the rail transit corridors. This 
trend was not only observed in the central city but also in suburban areas such as the 
Montgomery County. Growth around the station areas was high even in places with a 




The primary reason behind this growth was considered to be the greater 
accessibility of the station areas (Cervero and Seskin, 1995). The other reason behind the 
majority of the development in the station areas was a government policy to create “joint 
development1” projects. WMATA was involved in 38 joint development projects worth  
more than $2.5 billion by 2002. These projects were not only located in the central city 
but also in suburban regions such as the Pentagon and Crystal City area of Northern 
Virginia. Due to these joint developments, as of 2002, the agency earned revenues worth 
$6 million every year. The maximum revenue comes from the projects around Bethesda, 
Ballston, and White Flint stations (TCRP, 2004). 
 
2.3 Bay Area Rapid Transit System (BART) 
BART started operating in 1973 and within a few years of its implementation, 
several studies ([Weber, 1976] and [Dyett et al., 1979]) were conducted to measure the 
impact of the system on land use. The primary objective of building this system, shown 
in figure 3.4, was to attract the developments taking place in the San Francisco area 
towards the rail transit stations and prevent the city from expanding, as did Los Angeles. 
But these studies did not find much impact of BART on land use around the station areas 
despite the implementation of supportive policies such as an increase in floor ratio and 
density bonuses for buildings in the downtown area. It is believed that one of the reasons 
behind finding of the minimal impact of BART on land use was the short time period 





A follow up study (Cervero and Landis, 1997), frequently cited, regarding the 
impact of BART on land use took place 20 years later. It was expected that by this time 
the rail transit system would have had a measurable impact on land use in the San 
Francisco area. In the study, land use changes around 25 of the 34 BART stations through 
time were examined. These changes were compared with the land use changes that took 
place around the nearby freeway interchanges. The authors also tried to find out the most 
important factors influencing the land use changes around the station areas.  
The results of this study supported the most important findings of the previous 
studies:  
“in a larger regional context, BART has played a fairly modest, though not 
inconsequential role in shaping metropolitan growth in the San Francisco Bay 
Area. Its impact has been highly localized . . . BART is clearly not a sufficient 
condition to significant land development around stations, however under right 
circumstances, it has proven to be an important contributor” (Cervero and Landis, 
1997: 331). 
 
In the BART station areas, different types of non-residential land use (commercial, 
office, and industrial) and multi-family residential units increased at a faster pace than 
single-family residential units. Around the Fremont station area 800 condominiums and 
apartment units have been built since 1965. Among the different non-residential land use, 
the amount of office space increased at a faster rate in comparison to other types of land 
use, especially in downtown San Francisco. A considerable amount of office space has 
also increased in downtown Oakland and Walnut Creek station of Concord line. At the 
same time, development has also taken place in other parts of the San Francisco area 
away from the rapid transit corridor. Office developments have taken place in places such 
as Hacienda Business Park in Pleasanton and Bishop Ranch Business Park in San Ramon 
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along southern Interstate-680 corridor. However, it has been noted that the growth of 
single-family units and all non-residential land use has been higher (403,000 sq ft and 
553,000 sq ft more respectively) within the rail transit corridors than outside. Multi-
family residential units have also increased rapidly (1.58 million sq ft more) within the 
rail transit corridors compared to outside. 
The urban development within the corridor did not take place solely due to the 
presence of BART and that is the reason why development has not been consistent 
throughout the corridor. Some of the other factors to which development can be attributed 
in downtown San Francisco are its  
“emergence as an international financial center, agglomeration and urbanization 
economies, cultural attractions, and supportive public policies such as tax 
increment financing and density bonuses” (Cervero and Landis, 1997: 324).  
 
To encourage development in downtown Oakland, the city redevelopment authority 
adopted several steps to provide funds for construction of office buildings and land 
acquisition. Around the Fremont station, the allowable housing density was increased and 
the amount of required parking spaces per unit was reduced. This encouraged the growth 
of multi-family and mixed land use in that area. A huge amount of development has 
clustered around three stations in the Concord line – Walnut Creek, Pleasant Hill, and 
Concord – primarily due to pro-development local policies and support of the 
community. Today, Walnut Creek is considered to be one of the important edge cities of 
San Francisco area and Pleasant Hill is well known transit oriented development2 (TOD) 
in the US.  
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At the same, time due to neighborhood opposition, little development took place 
around Rockridge, Orinda, and Lafayette communities on the Concord line and several 
stations along the Richmond line. Due to the absence of proper land use policies and 
plans, development also did not take place around Coliseum, Fruitvale, and Hayward 
stations of the Fremont corridor.  
 
2.4 The San Diego Trolley 
San Diego’s trolley line started operating in 1981 (Glick, 1992) and extends from 
the downtown area to Tijuana, at the Mexican border. The trolley operates on a freight 
railroad line and passes through an industrial area and a scrubland. Hence at the 
beginning it was predicted that the line would not have much impact on urban land use 
despite the presence of several favorable factors such as a strong economy, presence of 
employment centers along the route, and land available for development. Yet in the 
1980s, San Diego trolley line led to the growth of the downtown area where office floor 
space increased from 4 million to 6 million sq. ft. in two years. At the same time, 
initiatives were also implemented to encourage growth along the East Line extension 
such as by constructing a multi-modal transportation center at the East line terminus 
([Cervero, 1984] and [Huang, 1996]). 
The initiative towards consolidation of land use continued into the 1990s. During 
this time, the two most important developments that took place around the station areas 
were: the MTS/James R. Mills building and One American Plaza. The MTS/James R. 
Mills building was the outcome of a private public partnership between the Starboard 
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Development Corporation and the San Diego Regional Building Authority. It is a 10-
story facility accommodating both commercial and office activities. It also serves as a 
transportation center where the three trolley lines and the transit bus lines converge. 
American Plaza, on the other hand, was solely developed by Starboard Development 
Corporation. It had office space, hotel rooms, retail space, restaurants, and parking 
spaces. This place also served as a transportation hub with trolley, bus, rail, and nearby 
air services (Glick, 1992). 
 
2.5 Portland’s Light Rail Line 
 The first light rail line in Portland began operating in 1986 and the second light 
rail line opened in 1998 (Dueker and Bianco, 1999). Transit oriented development was 
planned and encouraged around the first light rail line even before it started operating. A 
Transit Station Area Planning Program formulated by METRO consisted of land use 
planning measures to be implemented around the light rail station areas (Glick, 1992). 
The long range plan of the region, Region 2040, also aimed at using the light rail system 
as a tool towards consolidation of land use and maintaining a boundary for urban growth 
(Dueker and Bianco, 1999). Due to implementation of these plans, more than $800 billion 
worth of private and public development took place even before the light rail line opened 
in 1986 (Glick, 1992). Within 10 years after operation started, about 12% of the multi-
family residential development took place within the station areas, increasing the density 
of multi-family residential land use around the stations. However, there is a possibility 
that a majority of this development took place because of the availability of a large 
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amount of land with multi-family residential zoning and was not simply due to the 
presence of the light rail (Dueker and Bianco, 1999).  
 
3. Land Use Developments within Rail Transit Corridors in the Denver 
Metro Region  
In the Denver metro region, the attempt to consolidate land use around the rail transit 
system by creating transit oriented development zones began back in the 1990s. During 
this time, the long-range plans Blueprint Denver and Metro Vision 2020 were formulated 
and both plans encouraged  
“transit-supportive development . . . channeling a major portion of growth into urban 
centers. These areas are envisioned as high-intensity, pedestrian-friendly, mixed-use 
locations that serve as transit origins and destinations” (TCRP, 2004: 324-325).  
 
Among the various modes of transit, the plans emphasized on the present and proposed 
rail transit system. In Blueprint Denver, a new transit mixed use zoning district (TMU-
30) was created. This zone permitted a greater amount of density along the rail transit 
corridors. In this zone, buildings were allowed to be 220 ft. in height and have a floor 
ratio of 5:1. The developers were also allowed to reduce the amount of parking space by 
25% to 50%. A Denver TOD Coalition was also formed, consisting of a partnership 
between City and County of Denver, Regional Transportation District (RTD), and 
Denver Urban Renewal Agency (DURA). The primary aim of this Coalition was to “link 
land use and redevelopment with the expanding rapid transit system” (TCRP, 2004: 327).   
Due to the implementation of the above mentioned plans and policies, multiple high-
density, pedestrian friendly, mixed use TOD zones emerged in the early 2000s such as 
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the Downtown Area, Arvada’s Olde Town, and Englewood (Figure 3.5). The 
developments that took place in the last two locations were completed on the basis of 
anticipation that rail transit lines were going to reach the destination in the future (TCRP, 
2004). As of 2000, 18,600 households of the Denver metro region were located within a 
half-mile radius of rail transit stations. This number is expected to rise to 138,000 by 
2030, an increase of 742%. It should also be noted that Denver has a great potential to 
develop TOD zones because the amount of land around the rail transit stations available 
for new developments is 1,500 acres (City and County of Denver, 2006: 19). 
The light rail system (Figure 3.5) began serving Downtown Denver in 1994 and the 
pace of urban development has increased since 1999. In 1999, three buildings of 280,000 
sq. ft., 135,000 sq. ft. and 164,500 sq. ft., with multiple land use activities were built near 
the Market Street Station. Two of these buildings had retail space at the ground floor and 
office space above. One of them had condominiums above the retail space at the ground 
floor. The office space of these three buildings was fully rented out by 2002, when the 
office vacancy rate in downtown Denver was 7.1%. They also demanded a higher rent 
than the average ($19.50) of the downtown area. 
In Arvada, development started taking place around the rail transit stations in 
anticipation that the Gold Line of the rail transit system would reach the place in the 
future. In 2002, the city implemented the concept of “transit-ready” development. 
According to this concept, a place is made conducive for transit use even before the 
transit line is built. As a consequence, urban renewal and dense developments began 




line was scheduled to reach the area. The important developments that took place during 
this time included an 800-unit residential building, many new shops, and streetscape 
improvements.  
One of the famous TOD sites in the city of Denver is the Englewood City Center, 
adjacent to the Englewood light rail station. It was built on the site of a failed shopping 
mall, which lost its importance in the mid 1980s. As of June 2002, Englewood City 
Center had 380,000 sq. ft. of retail space, 50,000 sq. ft. of office space, and 325,000 sq. 
ft. of residential space. The success of the City Center lies in the fact that nearly 100% of 
the office space was leased out in 2002 when the office vacancy rate was 89.9% in 
Denver. Approximately 90% of the retail space was rented out at higher rate than the 
average rent of Denver. The rent of the residential units varied from $1000 to $1700 per 
month, while the average rent of Denver was $500 to $700 per month (TCRP, 2004).  
The pace of consolidating land use around the rail transit stations increased in the 
latter half of 2000, with many more plans and reports supporting the attempt. Some of the 
notable ones include: Transit-Oriented Development Strategic Plan prepared by 
Community Planning and Development Division published in 2006, Strategic Plan for 
Transit Oriented Development prepared by RTD published in 2008, and Transit Oriented 
Development Annual Status Report published by RTD since 2005. All the above 
mentioned plans and reports, and many others, proposed the creation of TOD zones 
around every existing and proposed rail transit stations in Denver metro region. 
The City and County of Denver government have further sub-divided the TOD zones 
into seven sub-groups: downtown, major urban center, urban center, urban neighborhood, 
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commuter town center, main street, and campus/special event station. Different plans 
have been formulated for every subdivision because all TOD zones do not attract the 
same type of developments.  For instance, TOD zones of the downtown area and the 
other suburban employment centers will attract a huge amount of offices and retail stores 
along with some residential units. On the other hand, stations located in suburban 
residential areas will primarily attract multi-family residential units. A TOD zone located 
in a suburban residential area will not be successful if it allots more space for office and 
retail activities than multi-family residential activities.  
Table 3.1 provides details about the characteristics of the different types of TOD 
zones. Downtown, major urban center, and urban center are expected to attract the 
majority of the office spaces with very few located in commuter town centers and 
campus/special events stations. Retail activities will be found in all types of TOD zones 
but the majority of it will be found in downtown, major urban center, urban center, and 
commuter town center sub-groups. Downtown will be the prime location for office and 
retail activities because it will be well served by transit. According to the FasTracks plan, 
the intermodal terminus of the region, Denver Union Station, will be located here. 
Residential activities will also be found in all types of TOD zones, especially multi-
family residential units. Single-family residential units will only be found in urban 
neighborhood and commuter town center type TOD zones. It should also be noted that 
considering the proposed scale of the buildings, the density of land use is expected to be 





presence of single-family residential units will keep the density of land use lowest in 
urban neighborhood and commuter town center type TOD zones.  
Considering the above characteristics, areas around stations (Figure 3.6) such as 
Denver Union Station, 16th & California, and 18th & California are being developed as 
downtown type TOD zones. Area around stations such as I-25 & Broadway and 
Belleview will be major urban center type TOD zones. Areas around stations such as 
Southmoor, Colorado, and Alameda will be developed as urban center type TOD zones. 
Areas around Louisiana-Pearl, Yale, and Evans stations will develop as urban 
neighborhood type TOD zones. Nine Mile/Parker station will be developed as commuter 
town center type TOD zone (City and County of Denver, 2006). 
RTD’s Transit Oriented Development Annual Status Reports give a very good idea 
regarding the office, retail, and residential developments that took place in the TOD 
zones in the latter half of 2000s. Office development reached its peak in 2008 and 2009 
when 1.2 million sq. ft. and 1.1 million sq. ft. of office space was added to the TOD 
zones respectively. In contrast, in 2011, 450,000 sq. ft. of office space was added and 
according to RTD projections, this amount will further decrease in the next couple of 
years. Some important office development projects that are under construction or in the 
planning phase include Da Vita’s world headquarters construction at 16th Street and 
Wewatta Street (Downtown area), Intrawest’s and Bridgepoint Education’s relocation to 






The amount of retail development peaked in 2006 when 1.8 million retail units were 
added to the TOD zones. However, since then there has been a noticeable decline in the 
amount of retail development. In 2010 and 2011, only 5,000 and 38,000 retail units were 
added to the TOD zones respectively.  According to RTD projections, this situation of 
low retail development will not improve anytime in near future. Some of the important 
retail projects that were completed in 2011 are: 16,000 sq. ft. of retail space in Fitzsimons 
Village, Ale House restaurant near Union station, Tavern (a sports bar) in Littleton, and 
development of retail space in the Solera building downtown. A couple of important 
projects to be completed by 2013 are: Zocalo Development’s 11,953 sq. ft. of retail space 
to be located in Denver Union Station building and 25,000 sq. ft. of retail space in the 
One Observatory Park building located beside University of Denver. 
The amount of residential development peaked in 2009 when 5,062 units were added 
to the TOD zones. However, after 2009 there was a steady decline in the growth of 
residential units. In 2011, only 400 units were added. According to RTD projections, the 
amount of residential development will increase in the next couple of years because 
vacancy of residential units is currently very low, while the average rent has increased. In 
fact the growth has already started with development taking place within seven of the 
nine FasTracks corridors. 
From the above mentioned facts it is evident that all types of developmental activities 
slowed down in the TOD zones in the later half of 2000s. One of the primary reasons 
behind this slowing down was the economic recession that hit the Denver metro region in 
2008-2009 and led to a slow job growth rate of 0.3% in 2008.  Even though the region 
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experienced job loss, its condition was better than entire US where the job growth rate 
was -0.9% in 2008 (Metro Denver EDC, 2008). 
To enhance the activities within the TOD zones several initiatives were taken by RTD 
and the local governments. In 2010, RTD introduced the TOD Pilot Program, which 
helped RTD to become more involved in the developments within the TOD zones. In 
2011, the pilot program included development of Alameda station area and Olde Town 
Arvada. The planning process for several station areas also began in 2011, indicating that 
development within the TOD zones will continue at a good pace in the future. The 
planning process of the Ist and Main station of Longmont (Figure 3.5) and Louisville 
station along Northwest rail line (refer to Figure 5.1 for location of Northwest rail line) 
started at the beginning of 2011. The planning process of Central Park Boulevard station 
along the East line and Decatur/Federal station along the West line (refer to Figure 5.1 for 
location of the transit lines) began at the end of the year. In the same year, the plan for the 
Welton area (Figure 3.6) along the Central line was adopted (RTD, 2011b).  
To date, only one study, conducted by Ratner and Goetz (2011), has examined the 
impact of the rail transit system on land use and urban form of the Denver metro region 
through an analysis of the developments taking place in the TOD zones. In the study, data 






The results of analysis have shown that the Central Corridor has drawn the majority 
of TOD developments. It has attracted  
“nearly 50 percent of the residential units and over 75 percent of the hotel rooms . . . 
nearly 50 percent of the office development, 64 percent of the cultural development, 
and 86 percent of the government development” (Ratner and Goetz, 2011: 13).  
 
The only type of land use that is distributed equally among all the corridors is the retail 
land use due to the presence of big shopping malls throughout the region. One of the 
reasons behind the presence of the majority of the developments in the Central Corridor 
is that it began operation first. However, presently the Southeast corridor is also 
developing very quickly due to its location beside I-25 and I-225 and DTC– edge city of 
Denver.  
The study also analyzed the differences in the land use of different types of TOD 
zones. The majority of condominium development has taken place in the downtown type 
TOD zones, while the majority of the apartments have been constructed in the major 
urban center type TOD zones. The main street type TOD zones has attracted the highest 
amount of townhomes and affordable housing units. A majority of the non-residential 
type developments have occurred in the downtown type TOD zones.  
“Specifically, 100 percent of the convention development, 89 percent of the 
government development, 62 percent of the office development, 61 percent of the 
cultural development, and 40 percent of the retail development is found at the six 
downtown stations” (Ratner and Goetz, 2011: 15)  
 
In a nutshell, the downtown type TOD zones has experienced the greatest impact from 
the rail transit system and TOD initiatives. 
All the above mentioned developments have increased the population density and 
housing density of the Denver metro region in the past decade. Although Denver still 
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remains heavily dependent on automobile transportation, the transit oriented 
developments are bringing a noticeable change to the area (Goetz, 2010).  
 
4. Land Use Developments outside Rail Transit Corridors in the Denver 
Metro Region 
From the previous section it is evident that due to TOD initiatives, a large amount of 
dense urban development has been taking place within the rail transit corridors since the 
1990s.  Here it is very important to note that at the same time, urban development has also 
been taking place outside the rail transit corridors. Some of these developments were 
even high density mixed use urban development, very similar to the developments within 
the TOD zones, such as the Belmar Center in Jefferson County and Prospect Town in 
Boulder County. Blueprint Denver identified several locations where future growth 
would be directed. These places included downtown Denver, Stapleton, Gates, and other 
locations within the rail transit corridors. But there were also places that were not within 
the rail transit corridors, such as Lowry, Cherry Creek, and a large section of Colfax 
Avenue. Even some parts of Stapleton cannot be considered within the rail transit 
corridor. The following paragraphs of this section give a detailed idea about the 
developments that have taken place in Belmar Center, Prospect Town, and Lowry (Figure 
3.5) for a better understanding of the nature of urban development taking place outside 
the rail transit corridors. 
Belmar Center is located at the crossing of Wadsworth Boulevard and Alameda 
Parkway in City of Lakewood, Jefferson County. It is just six miles to the west of 
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downtown Denver. This location previously had a shopping mall, Villa Italia, which 
began declining in the 1990s. Hence the city officials contacted Continuum Partners and 
approved a plan to build a densely developed district, including all types of activities 
from offices to commercial to residential. The construction of Belmar Center began in 
2002 and a section of it opened in 2004. The area looks like a traditional downtown but 
has a lower density with “3-4 storied buildings, wide sidewalks, narrow grid streets, and 
both on-street and off-street parking” (Goetz, 2010: 9) Belmar Center currently has 80 
shops and dining places, 19 buildings with 794,000 sq. ft. of office space, 45 buildings 
with 1.6 million sq. ft. of retail space, and 1500 residents living in multi-family 
residential units. The success of the center is evident from the fact that only 5% of its 
office space is vacant, only 1% of its retail space is vacant, and it has anchors such as 
Target, Best Buy, Nordstrom Rack, Dick’s Sporting Goods, and Century Theatres 
([Goetz, 2010] and [City of Lakewood, 2012]).  
Prospect New Town is located at the periphery of the City of Longmont, Boulder 
County. Here dense, mixed use development is going on since the 1990s. The place has 
been densely developed with narrow tree-lined streets, wide sidewalks, and various types 
of residential units, offices, shops, and restaurants. It has nine parks and open public 
spaces. The residential units vary from single-family houses to town houses to apartments 
to live/work lofts. Since the houses have been built by different developers, they are of 
different architectural styles and colors. The success of Prospect New Town can be 
measured in terms of its residential property prices, which range from $285,000 to above 
$500,000, and are on par with the average house prices of Boulder County. This place 
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also received the 1996 Smart Growth Award from Governor Roy Romer ([Buntin, 2000] 
and [Prospect Sales Company, 2012]).  
Lowry is situated in the eastern part of the City of Denver, bounded by the roads such 
as Alameda, Quebec, Yosemite, and 11th Avenue. Lowry was an Air Force Base, which 
closed in 1994, after which the place was converted into a sustainable mixed-use 
community. Currently, the place has 4,500 single-family and multi-family residential 
units, 140 offices, a Town Center with retail spaces, and more than 800 acres of open 
space. Lowry also has several historical buildings, many of which have been restored and 
are used as community centers, schools, and civic centers (Lowry, 2012). The success of 
Lowry lies in the fact that its average house price is more than $500,000 which is much 
more than the average house price of City of Denver of $278,024.  The residential 
vacancy rate at Lowry is 6.91%, lower than the vacancy rate throughout Denver of 9.15% 
(Piton Foundation, 2012). 
 
5. Conclusions 
Like in the late Nineteenth Century and early Twentieth Century, the “new 
generation” rail transit systems of late Twentieth Century also influenced organization of 
urban land use. However, intensity of the influence was not as strong as before because 
the new rail transit systems increased accessibility much less than the old ones. The new 
rail transit systems primarily led to the consolidation of different types of land use 
especially commercial within the rail transit corridors. The intensity of consolidation and 
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time taken to consolidate land use varied from place to place. For instance, at the 
beginning of 1960s, Toronto rail transit system attracted 48% of apartment buildings and 
90% of office space within the rail transit corridors. On the other hand, Cleveland’s rail 
transit system has never been successful in attracting noticeable amount of urban 
development within the corridors. The impact of Toronto rail transit system was 
recognizable just after five years of service. Conversely, the influence of BART system 
on land use was recognized after twenty years of service. The intensity of development 
was not only inconsistent between the different rail transit systems but also within the 
same rail transit system. For instance, more development took place in downtown San 
Francisco area than any other place within the BART corridor. The urban developments 
taking place within the rail transit corridors are more of ‘redistributive’ nature than 
‘generative’ nature.  
Merely the presence of a rail transit system is not sufficient to attract urban 
development within the rail transit corridors. The presence of several other favorable 
factors such as supporting land use policies, availability of land, good economy, and 
favorable physical conditions are also required to successfully consolidate land use 
within the rail transit corridors.  
In Denver metro region, besides building the light rail system, TOD zones have been 
created around the present and proposed rail transit stations to encourage the 
consolidation of land use. A plan for every TOD zone has been formulated to allow high 
density, mixed use, transit friendly development around the station areas. The initiatives 
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can be considered successful in terms of the amount of developments that have taken 
place within the rail transit corridors. From 1997 to 2010, approximately 
 “18,000 residential dwelling units, 5.3 million square feet of retail space, 5.4 million 
square feet of office space, and 6.2 million square feet of medical space were 
developed within one-half mile of existing and planned transit stations” (Ratner and 
Goetz, 2011: 16).  
However, it should be noted that during this time period similar kind of dense 
development was taking place in other parts of the metro region as well such as Lowry 
(east Denver), Belmar (Lakewood), and Prospect town (Boulder County). The following 
chapters of this dissertation aim at comparing the developments within the present and 
proposed rail transit corridors with those outside the corridors. The results will help to 
understand if the urban developments within the rail transit corridors are significantly 
different than those outside the corridors. 
 
6. Notes 
1. According to WMATA, joint development is,  
 
“a creative program through which property interests owned and/or controlled by 
WMATA are marketed to offices, retail/commercial, recreational/entertainment, 
and residential developers with the objective of developing transit-oriented 
development projects” (TCRP, 2004: 26)  
 
Joint developments include air-rights leases, ground leases, and land rent for 
station connection (TCRP, 2004).  
 
2. Transit oriented developments (TODs) are high-density, mixed-use, pedestrian 
and transit friendly developments that take place within one-quarter or one-half 
mile radius of the transit stations. There is no universal definition of a TOD; it 
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differs from one metropolitan region to another (TCRP, 2004). According to City 
and County of Denver TOD is  
“more than simply development near transit. Successful TOD creates beautiful, 
vital, and walkable neighborhoods; provides housing, shopping, and 
transportation choices; generates lasting values for citizens and public and private 
stakeholders; and provides access to the regions jobs, government centers, 
healthcare facilities, and cultural and recreational destinations” (Ratner and 























CHAPTER FOUR: IMPACT OF LIGHT RAIL AND FASTRACKS ON LAND 
USE IN CITY AND COUNTY OF DENVER 
 
1. Introduction 
Most studies on the relationship between rail transit systems and urban land use 
focus on the impact of rail transit systems on urban form, changes in land use within the 
rail transit corridors or around the rail transit stations, and factors other than rail transit 
systems supporting these land use changes. Very few studies ([Cervero and Landis, 
1997], [Green and James, 1993], and [Knight, 1980]) have compared the land use 
changes within rail transit corridors to the land use changes outside rail transit corridors. 
Cervero and Landis (1997) compared land use changes around five Bay Area Rapid 
Transit (BART) stations with those around nearby freeway intersections. Green and 
James (1993) compared the changes occurring in the traffic analysis zones1 (TAZ) within 
the rail transit corridors with that outside the corridors for Washington Metropolitan Area 
Transportation Authority (WMATA) system of Washington D.C. area. Knight (1980) 
mentioned that a very small portion of the development of the metro regions in US has 
been attracted around the rail transit stations. The analysis method through which Knight 
reached this conclusion is not mentioned in the journal article. However, from the dataset 
information, it is known that the author did not consider the scenario of Denver metro 
region during data analysis. Hence, there is no study to date that compares the 
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developments taking place within the present and proposed rail transit corridors in 
Denver metro region with the developments taking place in other parts of the metro 
region, outside the rail transit corridors. The only study (Ratner and Goetz, 2011) that 
examines the impact of the rail transit system on land use in the Denver metro region 
exclusively focuses on the changes taking place within the rail transit corridors. 
This study aims at partially addressing the above-mentioned void in the literature. 
It compares the developments taking place within the present and proposed rail transit 
corridors in Denver County, a part of the metro region, with those taking place in the 
other parts of the County. The analysis will help to understand whether the amount of 
developments taking place within the rail transit corridors is different from that taking 
place outside the rail transit corridors. It will complement the only other study by Ratner 
and Goetz (2011) conducted on the impact of rail transit system on land use in the Denver 
metro region. The chapter is arranged in the following manner. Section 2 explains the 
various methods of analysis. It also provides information about the study area and 
collection and processing of data. Section 3 narrates the results of the analysis. Finally, in 
Section 4, the conclusions have been reported. 
 
2. Methods 
2.1 Method of Analysis 
The methodology of this study has been adopted from the study on BART by 
Cervero and Landis’ (1997) and the study on WMATA system by Green and James 
(1993). In the study on BART, Cervero and Landis (1997) compared the changes in the 
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BART served areas with the non-BART served areas in three different ways. First, the 
changes in total population and employment and changes in population density and 
employment density have been compared. Second, changes in the total square footage of 
the building areas for different land use have been compared. Third, by calculating floor 
area ratio2 the land use density has been compared. In this study, the rail transit served 
areas and non rail transit served areas have also been compared in the above mentioned 
ways. However, a few differences between this study and that by Cervero and Landis 
(1997) are as follows. First, the population and employment data have been compared in 
less detail. Second, land use density has been compared by calculating kernel density3 
through ArcGIS instead of floor area ratio. Third, in this study there are three types of 
study regions for the purpose of comparison: rail transit served areas, areas to be served 
by rail transit in the future, and non rail transit served areas. The delineation of the study 
regions have been done on the basis of the methodology explained by Green and James 
(1993) and is different from the BART study. Fourth, in the BART study, only 
descriptive statistics was used to compare the BART served areas with the non-BART 
served areas.  In this study, to compare change in the square footage of the building areas 
of different land use and land use density, inferential statistics have been used in addition 
to descriptive statistics. 
Green and James (1993) compared the population and employment changes of 
TAZs served by WMATA system with those not served by WMATA system. The 
authors conducted a t-test to compare the means of the two study regions and examined 
whether the changes taking place in the two regions were significantly different. In the 
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current study on Denver County, statistical significance tests have also been conducted to 
examine whether the changes taking place within the present rail transit corridors, 
proposed rail transit corridors, and areas outside rail transit corridors in terms of total 
square footage of building areas and land use density is significantly different. However, 
an alternative of the t-test, the Wilcoxon/Kruskal-Wallis test – a nonparametric test – has 
been used for the following reason. In this study, total square footage of the building 
areas of different land use and land use density have been examined instead of population 
and employment. Hence the dataset used does not have a normal distribution, which is a 
prerequisite for conducting t-test. In Wilcoxon/Kruskal-Wallis test, the ranks of the 
values are considered instead of the actual value. It examines whether the mean of the 
ranks of the study regions are significantly different (Lind et al., 2010). The statistical 
significance test has been conducted through JMP statistical software package. The 
WMATA study has also influenced the process of delineation of the study regions. Like 
the WMATA study, in this study too spatial units lying within half-mile of the rail transit 
lines are considered to be within the rail transit corridors. The non rail transit served areas 
include rest of the Denver County (Appendix C.1). However, in this study census tracts 
have been considered instead of TAZs (the reason why census tracts have been 
considered is explained in the next section).  
 
2.2 Study area and time period 
Figure 4.1 shows the important spatial units considered in this study – land 




Denver, there are 221,011 land parcels and 144 census tracts. The total square footage of 
building areas of all the land parcels were aggregated to the census tract level. This is a 
deviation from the BART study, where data were aggregated to the super district level, 
whenever necessary, and WMATA system study, where data were aggregated to the TAZ 
level. Here, census tracts were chosen because Denver County does not have super 
districts and the land parcels align better with the census tract boundaries than with the 
TAZ boundaries. Hence selection of census tracts for the purpose of data aggregation 
made the process easier and more accurate. The land parcels that extended beyond one 
census tract were included in the census tract which contained the major portion of it 
through the process of eye estimation. For kernel density calculation, such aggregation 
was not necessary; the data of individual land parcels were directly used for calculation. 
Thereafter, the average change in kernel density of all the study regions was considered 
for significance test. Aggregation was also not required for population and employment 
data because they were available at the census tract level and zip-code level respectively.  
All 144 census tracts of Denver County were divided into three study regions: the 
present rail transit corridors (existing light rail corridors), the proposed rail transit 
corridors (future FasTracks corridors), and the area outside the rail transit corridors. As a 
result, 45 census tracts contain the present light rail corridors, 15 census tracts contain the 
proposed rail transit corridors, and 84 census tracts are outside the rail transit corridors 
(Appendix C.1).  
The present rail transit corridors contain important places such as the traditional 
downtown and parts of the Denver Technological Center (DTC) – the only edge city of 
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Denver. The proposed rail transit corridors contain parts of Stapleton, a sustainable 
community being developed on the concept of new urbanism, and Gateway, a fast 
growing community in Denver on the way to the airport. Areas outside the rail transit 
corridors also contain some important neighborhoods such as Lowry, East Colfax, and 
Cherry Creek North (Figure 3.5). 
This study analyzed the changes that have taken place over a period of 20 years, 
from 1990 to 2010, in the three above mentioned study regions. The present light rail 
system was opened to the public in three phases. The first phase was opened in 1994, 
whereas the second and the third phases were opened in 2000 and 2006 respectively. 
Hence, 1990 to 2000 is considered the early rail transit phase, while 2000 to 2010 is 
considered the developing rail transit phase. For the analysis of kernel density, the above-
mentioned phases have been further subdivided, namely 1990 to 1995, 1995 to 2000, 
2000 to 2005, and 2005 to 2010. 
 
2.3 Data 
The population data for 2000 and 2010 of all the census tracts in Denver County 
were collected from the city government’s ftp site. The 1990 population data was 
collected from the regional office of the US Census Bureau in Denver. The employment 
data for 1990, 2000, and 2010 were available in the US Census Bureau’s County Business 
Patterns dataset. In this dataset, employment data was available at the zip code level, 
which is a larger geographical unit than a census tract. Therefore, employment data have 
been analyzed at a more macro scale than population data. Both population and 
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employment data has been used to compare the changes that have taken place in the study 
regions from 1990 to 2010. 
The land parcel data were collected from the assessor’s office of Denver County. All 
of the information about 221,011 land parcels was provided through an attribute table of 
a shapefile5 showing the geographical location of the land parcels. The attribute table 
contained a great deal of information, such as owner name, owner address, site address, 
land use classification, zoning, land value, building value, total square footage of the 
building areas, sales information, and built year. From this information, land use 
classification, total square footage of the building areas, and built year were used to 
calculate the change taking place in the total square footage of the building areas, for 
different land use, within the three study regions, from 1990 to 2010. For instance, within 
the present rail transit corridors (45 census tracts), the amount of total square footage of 
commercial land use was 45.52 million in 1990, 50.66 million in 2000, and 55.34 million 
in 2010. As a result, the amount of total square footage of commercial land use changed 
by 5.15 million in 1990-2000 and 4.68 million in 2000-2010. This data depicting growth 
of building square footage of different land use in Denver County for 1990-2000 and 
2000-2010 at census tract level, have been further used to conduct multiple significance 
tests (for an idea about data structure of the significance tests refer to Appendix C.2)  
The building square footage, land use classification, and built year information of 
individual land parcels have been used to calculate kernel density through ArcGIS 10. 
The product of this calculation has been 16 raster images depicting the kernel density of 
four types of land use in Denver County for 1990, 1995, 2000, and 2010. The raster 
 
158 
images have been subtracted from one another to derive the change in kernel density. For 
instance, the raster image depicting the kernel density of commercial land use for 1990 
has been subtracted from the raster image depicting the kernel density of commercial 
land use for 1995 to derive the change in commercial land use density from 1990 to 1995. 
Thereafter, the average value of the change in kernel density has been extracted for the 
three study regions to conduct significance test (for details about the data structure refer 
to Appendix C.3).  
It should be noted that information of all the 221,011 land parcels has not been used 
in this study. Some of the land parcels have been eliminated for the following reasons:  
• 19,060 land parcels did not have built year data.  
• 9 land parcels did not have land use classification data. 
• 14 land parcels had commercial miscellaneous structures on them such as fences, 
surfacing, and light poles. These structures do not have any total square footage 
associated with them. 
• 67 land parcels with tax exempt buildings. The information of these tax exempt 
land parcels is not recorded and updated accurately by the assessor’s office and 
hence they were not used. Only parcels containing Urban Housing Authority 
buildings were not eliminated. 
• 1,369 duplicate parcels were eliminated through the dissolve tool of ArcGIS 10.  
• In density analysis, all the land parcels contained within census tract 9800 were 
not considered. Census tract 9800 contains Denver International Airport and 
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therefore the average density of this tract is very low, which could have biased the 
results of density analysis.  
It should also be noted over here that a large number of land parcels in census 
tract 9800 have been eliminated by the first criteria of parcel elimination, absence 
of built year. Most of the land parcels that had all information in this census tract 
are within the proposed rail transit corridors and hence this census tract has been 
included in the study region with proposed rail transit corridors during analysis. 
 
After elimination, 90.72% of the land parcel data was used for the total square footage of 
building areas analysis and 90.32% of the data was used for density analysis. Probably 
the elimination of 9.28% or 9.68% of the data did not seriously bias the results of this 
study. 
The land parcels were grouped into five types of land use: single-family 
residential, multi-family residential, commercial, industrial, and mixed-use. These land 
use groups were selected on the basis of the land use classification scheme used in the 
BART study, as well as the macro level land use classification scheme of Denver County 
(Appendix B). In the BART study, the land parcels were divided into the following 
groups: single-family residential, multi-family residential, commercial/mixed, office, and 
industrial/other. Denver County land use classification scheme does not segregate office 
land use from other commercial land use. However, the land use classification scheme 
does segregate the mixed land use. Therefore instead of office land use, this study 




3.1 Change in Population and Employment 
The population of Denver County has increased from 0.46 million in 1990 to 0.57 
million in 2010. All types of census tracts, those with present and proposed rail transit 
corridors and those without rail transit corridors, have experienced an increase in 
population since 1990. However, the intensity of this increase has not been the same 
within all the study regions, as is depicted in Table 4.1. Population grew faster in census 
tracts with proposed rail transit corridors. In 1990-2000, population increased by 29% in 
these census tracts and in 2000-2010, population increased by 26% in these census tracts. 
Growth in population has also been faster in census tracts with present rail transit 
corridors than in those without rail transit corridors. In 1990-2000, population increased 
by 17% in census tracts with present rail transit corridors. At the same time, in census 
tracts without rail transit corridors, population increased by 13%. In 2000-2010, census 
tracts with present rail transit corridors experienced a population increase of 7%; while 
census tracts without rail transit corridors experienced a population increase of 5%. In all 















Table4.1: Comparison of 1990-2000-2010 total population and population density, 
Denver County  
 
Study Regions Total Population  Percent Change 
 2010 2000 1990  2010-2000 2000-1990 
Present rail transit corridors 166,082 155,755 132,952  6.63 17.15 
Proposed rail transit 
corridors 66,809 52,918 40,922  26.25 29.31 
Without rail transit corridors 340,365 323,493 286,232  5.22 13.02 
       
 
Av. Population Density 
(persons/sq. mile)  Percent Change 
 2010 2000 1990  2010-2000 2000-1990 
Present rail transit corridors 6,371.84 5,836.75 4,759.97  9.17 22.62 
Proposed rail transit 
corridors 4,809.55 5,126.33 3,577.44  -6.18 43.30 
Without rail transit corridors 7,789.81 7,869.29 6,333.62  -1.01 24.25 
 
 
The average population density has increased constantly in the census tracts with 
present rail transit corridors. It increased from approximately 4,700 persons /sq. mile in 
1990 to 6,300 persons/sq. mile in 2010. However, the rest of the census tracts 
experienced a decrease in average population density in the 2000s after an increase in the 
1990s. The changes were more drastic in census tracts with proposed rail transit corridors 
than those without rail transit corridors, where the average population density increased 
from 3,500 persons/sq. mile in 1990 to 5,100 persons/sq. mile in 2000 and then declined 
to 4,800 persons/sq. mile in 2010. In census tracts without rail transit corridors, the 
average population density changed from 6,300 persons/sq. mile in 1990 to 7,800 
persons/sq. mile in 2000 to 7,700 persons/sq. mile in 2010.  
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Employment data was available at the zip code level. The total number of jobs in 
16 zip codes served by present and proposed rail transit corridors has been compared with 
15 zip codes not served by rail transit (Table 4.2). The zip codes served by rail transit 
experienced a 16% increase in employment in 1990-2000. At the same time the zip codes 
not served by rail transit experienced a 5% increase. In 2000-2010, Denver County 
experienced a loss of jobs. The census tracts served by rail transit experienced slightly 
more (8.63%) decline in jobs than those not served by rail transit (8.40%).  
 
Table 4.2: Comparison of 1990-2000-2010 employment, Denver County  
 
Study Regions No. of jobs  Percent Change 
 2010 2000 1990  2010-2000 2000-1990 
Rail transit corridors 316150 346028 297318  -8.63 16.38 
Without rail transit corridors 100544 109762 104976  -8.40 4.56 
 
 
Figure 4.2 gives an idea of the employment density of Denver metro region. 
According to this figure, the majority of places in Denver County with the highest 
employment density of more than 3000 jobs/sq.mile lie within the present and proposed 
rail transit corridors, such as the downtown area and DTC.  Some of the places outside 








3.2 Change in Total Square Footage of Building Areas 
The total square footage of commercial area increased within all the three study 
regions from 1990 to 2010 (Figure 4.3). The growth has been greater in the tracts with 
present rail transit corridors (TractsWRT) than in the others. In the tracts with present rail 
transit corridors, total square footage of commercial area increased by 5.15 million in 
1990-2000 and 4.68 million in 2000-2010. This growth has been 64.42% (1990-2000) 
and 44.83% (2000-2010) of the total growth taking place within Denver County. In 1990-
2000, the amount of growth has been very low, 0.53 million, in tracts with proposed rail 
transit corridors (TractsWFutureRT). However, the amount of growth increased to 3 
million in 2000-2010. In 1990-2000, the census tracts with proposed rail transit corridors 
attracted only 6.62% of the overall growth. On the other hand, in 2000-2010, this region 
attracted 28.75% of the overall growth. Census tracts without rail transit corridors 
(TractsWORT) attracted 28.96% of the overall growth in 1990-2000 and 26.42% of the 
overall growth in 2000-2010.  
Significance tests have been conducted to examine the null hypothesis that the 
growth of total square footage of commercial area within the three study regions is the 
same for 1990-2000, 2000-2010, and 1990-2010. The alternative hypothesis is that the 
growth has not been the same within the study regions during all the time periods. From 
the results of the significance tests (Table 4.3), it is evident that at the 0.05 level of 
significance, null hypothesis has been rejected and the alternative hypothesis has been 





growth in the census tracts with present rail transit corridors is significantly greater than 
in the census tracts without rail.  
 
 
Table 4.3: Significance test results: Change in total square footage of commercial area, 




p - value              
(Wilcoxon/Kruskal-
Wallis Test) Null Hypothesis 
Comparisons for all 
pairs 
1990-2000 <0.0001 
Rejected as p-value is 
lower than critical 
value   
2000-2010 0.0223 
Rejected as p-value is 
lower than critical 
value   
1990-2010 0.0006 
Rejected as p-value is 





Level of significance: 0.05 
 
transit corridors. This growth has been significantly greater not only in 1990-2000 but 
also in 2000-2010.  
Since 1990, the total square footage of mixed use area has increased noticeably 
within the study regions, except census tracts with proposed rail transit corridors (Figure 
4.4). In 1990-2000, the census tracts with present rail transit corridors attracted 0.2 
million sq. ft. of mixed use area, which was 98.15% of the total development of Denver 
County. In 2000-2010, these census tracts attracted 0.33 million sq. ft. of mixed use 
developments. However, during this period, it was just 49.35% of the overall 
development because 0.31 million sq. ft. of mixed use development took place in the 




corridors, no mixed use development took place during 1990-2000 and very low amount 
of developments (0.03 million sq. ft.) took place during 2000-2010.  
Significance tests have been conducted to examine the null hypothesis that the 
growth of total square footage of mixed use area within the three study regions is the 
same during 1990-2000, 2000-2010, and 1990-2010. The alternative hypothesis is that 
the growth has not been the same within the three study regions during all the time 
periods. From the results of the significance tests (Table 4.4), it is evident that, at the 0.05 
significance level, the null hypothesis has been rejected and alternative hypothesis has 
been accepted for the time periods of 1990-2000 and 1990-2010. The null hypothesis has 
been accepted for 2000-2010 time period which means that the amount of growth during 
that time has been the same in all the study regions. Comparisons between all the pairs 
have indicated that the growth of mixed use area in the census tracts with present rail 
transit corridors was significantly greater than in the other census tracts during 1990-2000 
and 1990-2010.  
 
 




p - value              
(Wilcoxon/Kruskal-
Wallis Test) Null Hypothesis 
Comparisons for 
all pairs  
1990-2000 0.002 
Rejected as p-value is 
lower than critical value   
2000-2010 0.1547 
Accepted as p-value is 
higher than critical value   
1990-2010 0.0029 
Rejected as p-value is 




Level of significance: 0.05 
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In Denver County, little effort has been given to concentrate industrial land use 
within the rail transit corridors. Yet, the results of the significance tests indicate that, at 
the 0.05 level of significance, the growth of total square footage of industrial area has 
been significantly greater in the census tracts with proposed rail transit corridors (Table 
4.5). In 1990-2000, this study region attracted 29.86% of the overall development and in 
2000-2010; it attracted 48.01% of the overall development. The proportion of industrial 
development attracted by the census tracts with present rail transit corridors declined 
from 37.07% in 1990-2000 to 10.91% in 2000-2010. The proportion of industrial 
development attracted by the census tracts without rail transit corridors slightly increased 
from 33.07% in 1990-2000 to 40.99% in 2000-2010. 
 
 






Wallis Test) Null Hypothesis 
Comparisons for all 
pairs 
1990-2000 0.0021 
Rejected as p-value is 
lower than critical 
value   
2000-2010 0.0012 
Rejected as p-value is 
lower than critical 
value   
1990-2000 0.0012 
Rejected as p-value is 









The total square footage of multi-family residential area has increased within all 
the three study regions since 1990 (Figure 4.5). In 1990-2000, the growth in multi-family 
residential area has been greatest in the census tracts without rail transit corridors. These 
census tracts attracted 65.66% of the overall development of the County. About 32% of 
the overall development took place in the census tracts with present rail transit corridors. 
The census tracts with proposed rail transit corridors attracted very little development – 
only 1.95% of the total development of the County. The scenario changed in 2000-2010. 
The largest growth took place in the census tracts with present rail transit corridors, about 
44% of the total development of the County. The census tracts with proposed rail transit 
corridors also attracted more growth than before, about 18% of the County’s 
development. Conversely, the share of the census tracts without rail transit corridors 
declined from 65.66% in 1990-2000 to 37% in 2000-2010.  
Significance tests have been conducted to examine the null hypothesis that the 
growth of total square footage of multi-family residential area within the three study 
regions is the same for 1990-2000, 2000-2010, and 1990-2010. The alternative 
hypothesis is that the growth has not been the same within the three study regions in all 
the time periods. From the results of the significance tests (Table 4.6), it is evident that, at 
the 0.05 level of significance, the null hypothesis has been accepted for all the time 
periods. The growth in the amount of multi-family residential area within all the three 
study regions has been consistently the same from 1990 to 2010.  Even though the 
proportion of growth attracted by the census tracts with present rail transit corridors 




Table 4.6: Significance test results: Change in total square footage of multi-family 





Wallis Test) Null Hypothesis 
1990-2000 0.0575 
Accepted a p-value is higher 
than critical value 
2000-2010 0.0688 
Accepted a p-value is higher 
than critical value 
1990-2010 0.4231 
Accepted a p-value is higher 
than critical value 
Level of Significance: 0.05 
 
The growth of total square footage of single-family residential area has always 
been noticeably greater in the census tracts without rail transit corridors (Figure 4.6). In 
1990-2000, the census tracts without rail transit corridors attracted 12.66 million sq. ft. of 
single-family residential area, 87.81% of the total development of Denver County. In 
2000-2010, these census tracts attracted 13.13 million sq. ft. of single-family residential 
developments. However, this time, it was 56.02% of the overall development of Denver 
County because during this time period the census tracts with proposed rail transit 
corridors attracted 30.79% of the overall development. In the census tracts with present 
rail transit corridors, the magnitude of single-family residential development has always 
been low. In 1990-2000, these census tracts attracted 8% of the overall development and 








Significance tests have been conducted to examine the null hypothesis that the 
growth of total square footage of single-family residential area within the three study 
regions is the same for 1990-2000, 2000-2010, and 1990-2010. The alternative 
hypothesis is that the growth has not been the same within the three study regions during 
all the time periods. From the results of the significance tests (Table 4.7), it is evident 
that, at the 0.05 significance level, null hypothesis has been rejected and alternative 
hypothesis has been accepted only for the time period of 1990-2000. In 2000-2010, the 
growth of single-family residential area has been the same between all the three study 
regions. Comparisons between all the pairs have indicated that in 1990-2000, the increase 
in the amount of single-family residential area in the census tracts without rail transit 
corridors has been significantly greater than in the other census tracts.  
 
Table 4.7: Significance test results: Change in total square footage of single-family 





Wallis Test) Null Hypothesis 
Comparisons 
for all pairs 
1990-2000 0.0046 
Rejected as p-value is 




Accepted as p-value is 
higher than critical value   
1990-2010 0.0794 
Accepted as p-value is 
higher than critical 
value   







3.3 Change in Density of Land Use 
 Figure 4.7 shows the change in density of commercial land use from 1990 to 
2010. The greatest increases in density, 1 to 4 million sq. ft. /sq. mile, took place in the 
downtown area and Denver Technological Center. Both of these places lie within the 
present rail transit corridors. None of the places outside the present and proposed rail 
transit corridors experienced as large an increase in commercial land use density. 
However, many places outside the present and proposed rail transit corridors lie in the 
category of 0.15 to 1 million sq. ft. / sq. mile increase in commercial land use density. 
 A significance test has been conducted with the average density of the three study 
regions for four time periods: 1990-1995, 1995-2000, 2000-2005, and 2005-2010. The 
null hypothesis of the test is that the change in average density of commercial land use 
has been the same in all the three study regions from 1990 to 2010. The alternative 
hypothesis is that the change in average density of commercial land use has not been the 
same. The result of the test, shown in Table 4.8, indicates that, at the 0.05 level of 
significance, null hypothesis has been rejected and the alternative hypothesis has been 
accepted. Comparisons between the pairs have shown that there has been a significant 
increase in the average density of commercial land use since 1990 in the census tracts 














Table 4.8: Significance test results: Change in average land use density, 1990-2010 (for 





Wallis Test) Null Hypothesis 
Comparisons 
for all pairs 
Commercial  0.0244 
Rejected as p-value is 




Accepted as p-value is 
higher than critical value   
Industrial 0.6939 
Accepted as p-value is 
higher than critical value   
Multi-Family 
Residential 0.2757 
Accepted as p-value is 
higher than critical value   
Single-Family 
Residential 0.1672 
Accepted as p-value is 
higher than critical value   
  Level of Significance: 0.05 
 
The change in the density of mixed land use is shown by Figure 4.8. In this case, 
the places experiencing the largest amount of change of 50,000 to 350,000 sq. ft. /sq. mile 
are not completely contained within the present or proposed rail transit corridors. Within 
the present and proposed rail transit corridors, the largest amount of change has again 
taken place in the downtown area and DTC. Areas outside the rail transit corridors 
experiencing the largest amount of change in density included areas adjacent to the 
downtown and West Highlands neighborhood to the west of downtown. Some other 
places outside rail transit corridors where considerable amount of change in density has 







A significance test has been conducted with the average density of the three study 
regions for four time periods: 1990-1995, 1995-2000, 2000-2005, and 2005-2010. The 
null hypothesis of the test is that the change in average density of mixed land use has 
been the same in all the three study regions from 1990 to 2010. The alternative 
hypothesis is that the change in average density of mixed land use has not been the same. 
According to the results of the significance test at the 0.05 level of significance (Table 
4.8), the null hypothesis has been accepted. There has been no significant difference in 
the change of average density of mixed land use between the three study regions from 
1990 to 2010. 
 It has been mentioned before that no initiative was taken to consolidate industrial 
land use within the present and proposed rail transit corridors of Denver County. The 
results of the significance test also depict that the change in average density of industrial 
land use has been the same within all the three study regions from 1990 to 2010 (Table 
4.8). 
The change in the density of multi-family residential land use has been depicted 
in Figure 4.9. Density of multi-family residential land use experienced the greatest 
increase, by 1 to 5 million sq. ft. / sq. mile, not only in the downtown area but also in 
many other places outside the downtown area. The downtown area lies within the present 
rail transit corridors. Other places outside downtown area where the largest increase has 
taken place, such as Cherry Creek North, Lowry, and south Stapleton, all lie outside the 





density of multi-family residential land use were not only taking place within the rail 
transit corridors but also outside them.  
A significance test has been conducted with the average density of the three study 
regions for four time periods: 1990-1995, 1995-2000, 2000-2005, and 2005-2010. The 
null hypothesis of the test is that the change in average density of multi-family residential 
land use has been the same in all the three study regions from 1990 to 2010. The 
alternative hypothesis is that the change in average density of multi-family residential 
land use has not been the same. The results of the significance test, at the 0.05 level of 
significance, confirm (Table 4.8) that the null hypothesis is true. There has taken place no 
significant difference in the change of the average density of multi-family residential land 
use between the three study regions from 1990 to 2010. 
Figure 4.10 depicts the change in the density of single-family residential land use 
in the three study regions. Unlike other types of land use, density of single-family 
residential land use has been the greatest in areas outside the rail transit corridors. The 
areas experiencing the largest growth in density of about 500,000 to 3 million sq. ft. /sq. 
mile lie mainly in the eastern part of Denver County.  A very small slice of this high 
growth in density areas also lie within the present rail transit corridors. However, this 
trend has not been reflected in the significance test.  
The significance test has been conducted with the average density of the three 
study regions for four time periods: 1990-1995, 1995-2000, 2000-2005, and 2005-2010. 
The null hypothesis of the test is that the change in average density of single-family 




The alternative hypothesis is that the change in average density of single-family 
residential land use has not been the same. The results of the significance test at 0.05 
level of significance (Table 4.8), indicate that null hypothesis has been accepted. The 
increase in average density of single-family residential land use has been the same in all 
the three study regions from 1990 to 2010. 
  
4. Discussion and Conclusions 
Present rail transit corridors of Denver County have been most successful in 
attracting commercial land use. The growth of commercial land use in terms of total 
square footage of building areas as well as density has been significantly greater within 
the present rail transit corridors in comparison to other parts of the County. It should also 
be noted that the growth has been significantly greater for the entire study-time period. In 
1990-2000, 32% of the land area within present rail transit corridors attracted 64.42% of 
the total growth of Denver County and in 2000-2010 this area attracted 44.83% of the 
total growth. On the contrary, tracts without rail transit occupying 58% of the land area of 
Denver County attracted only 26.42% of the total growth in 1990-2000 and 28.96% of 
the total growth in 2000-2010. The decline in the number of jobs during 2000-2010 did 
not have much impact on the growth of commercial area.  
Probably majority of the growth in commercial area occurred due to the amount 
of commercial area added to the downtown type rail transit stations since 1997. These 
stations, in comparison to other types of rail transit stations, have attracted about 40% of 
retail space, 62% of office space, 89% of government activity space, 61% of cultural 
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activity space, and 100% of convention center space (Ratner and Goetz, 2011). Besides 
the Transit Oriented Development (TOD) initiatives taken around these downtown type 
stations; the current trend of large firms to locate their offices in the central cities of the 
US helped in attracting commercial area to the traditional downtown area stations (RTD, 
2011b), increasing the amount of commercial area within present rail transit corridors 
significantly.  
The growth in total square footage and density of mixed land use has been much 
less throughout Denver County in comparison to commercial area. For instance, in 1990-
2000, total amount of commercial area increased by 8 million sq. ft. while mixed land use 
increased by 0.2 million sq. ft. Therefore, throughout Denver County, the attempt to 
increase mixed land use has not been successful when compared to commercial area. This 
trend has also been noticed within the rail transit corridors, despite the emphasis of the 
TOD plans on construction of mixed land use buildings around the station areas.  
In 1990-2000, the present rail transit corridors, with 32% of the land area, 
attracted the majority of the mixed land use developments, about 98.15%. Hence, the 
growth of mixed land use developments was significantly greater within the present rail 
transit corridors than elsewhere in the County. However, in the next decade, the situation 
changed and a huge amount of mixed land use developments also took place outside the 
rail transit corridors. The 58% of land area outside rail transit corridors attracted 46.27% 
of the total growth in 2000-2010. As a result, the increase in mixed land use area within 
present rail transit corridors was no longer significantly greater from the other study 
regions. This trend of growth of mixed land use, in almost equal amount throughout 
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Denver County, reduces the impact of rail transit system and TOD initiatives and 
increases the impact of other factors on the growth of this land use. It is surprising to note 
here that the Annual Transit Oriented Development Status Reports prepared by Regional 
Transportation District (RTD) do not provide any update about the mixed land use 
developments.  This is probably because RTD collects data for these status reports using 
a different method in which the mixed land use is divided into its component parts and 
not considered as one single land use class. Therefore, it is also possible that the City and 
County of Denver officials are not accounting for the true amount of mixed land use in 
Denver County. 
In the plans regarding consolidation of land use within the rail transit corridors, 
there is no mention of industrial land use. Yet, the growth of industrial land use has been 
significantly greater within the proposed rail transit corridors. This increase is related to 
the presence of vacant land in the proposed rail transit corridors and freight railroad lines 
parallel to I-70. The construction and planning of the passenger rail transit system and 
TOD zones around the stations most likely did not have much impact on industrial land 
use.  
The present and proposed rail transit corridors have been successful in attracting 
greater amount of multi-family residential areas, with time, than places outside the 
corridors. In 1990-2000, the 32% land area served by present rail transit corridors 
attracted 32% of the total growth of the County and 10% of the land area served by 
proposed rail transit corridors attracted 1.95% of the total growth of the County. These 
proportions increased in 2000-2010. The present rail transit corridors attracted 44% of the 
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total growth and the proposed rail transit corridors attracted 18% of the total growth. At 
the same time the proportion of multi-family residential area attracted to the places 
outside rail transit corridors decreased from 65.66% to 37%. Yet, it cannot be said that 
the rail transit corridors are successful in attracting multi-family residential housing 
because the growth that has taken place is not statistically significant. 
The high growth of population (26.25% in 1990-2000 and 29.31% in 2000-2010) 
in the proposed rail transit corridors most probably helped to attract more amount of 
multi-family residential area to that study region. All types of rail transit stations attracted 
multi-family residential units. Hence, unlike commercial land use, no one type of rail 
station can be allotted the credit for attracting multi-family residential land use (Ratner 
and Goetz, 2011).   
The growth of single-family residential area is not encouraged within the rail 
transit corridors because they hinder the consolidation of land use. Therefore, in the plans 
and reports regarding urban development within rail transit corridors, the mention of 
single-family residential area is not present. Denver County, to some extent, has 
succeeded in containing the growth of single-family residential area outside the rail 
transit corridors. In 1999-2000, the growth of single-family residential area was 
significantly greater outside the rail transit corridors. The 58% of land area outside the 
rail transit corridors attracted 87.81% of the growth. Since 2000, more single-family 
residential units have been attracted to the rail transit corridors especially the proposed 
rail transit corridors. The proposed rail transit corridors attracted 30.79% of the total 
growth of the County. Again, the high growth in population may be responsible for high 
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increase of single-family residential area. This trend of increase in single-family 
residential area within the rail transit corridors is alarming. If this trend continues, it will 
be difficult to consolidate other types of land use within the rail transit corridors and to 
create dense development neighborhoods in them.  
In Denver County, the rail transit corridors and TOD initiatives had a more than 
modest impact on consolidation of land use within the rail transit corridors. The results of 
this study differ from the findings of Knight (1980) regarding the amount of development 
of the metro regions of US occurring within the rail transit corridors.  The results are 
more in tune with the findings of the WMATA system study, in which it was found that 
the areas with rail transit attracted more urban development than areas without rail transit. 
In Denver County, commercial land use and multi-family land use are more likely to 
grow in places with access to rail transit than places without access to rail transit. The 
growth of mixed land use is not related to the presence of rail transit. Single-family 




1. A Traffic Analysis Zone (TAZ) is a geographical unit created by the 
transportation planners for the purpose of collecting data for transportation 
studies. These units are homogeneous in terms of physical, socioeconomic, and 
political characteristics. The zones also generate and attract almost equal amount 




2. Floor Area Ratio is the ratio between building area and the lot area on which the 
building has been built (Cervero and Landis, 1997). 
3. Kernel Density calculates the density of point features around each output raster 
cell. Conceptually, a smoothly curved surface is fitted over each point. The 
surface value is highest at the location of the point and diminishes with increasing 
distance from the point, reaching zero at the Search radius distance from the 
point. Only a circular neighborhood is possible. The volume under the surface 
equals the Population field value for the point. The density at each output raster 
cell is calculated by adding the values of all the kernel surfaces where they 
overlay the raster cell center. The kernel function is based on the quadratic kernel 
function described in Silverman (1986, p. 76, equation 4.5) – ESRI, 2012. 
4. The definition of a land parcel according to the City and County of Denver is as 
follows: A parcel is a contiguous area of land described in a deed or as one of a 
number of lots on a plat; separately owned, either publicly or privately; and 
capable of being separately conveyed – Appendix B. 
5. Shapefile is an  
“Esri vector data storage format for storing the location, shape, and attributes of 
geographic features. It is stored as a set of related files and contains one feature 
class. Shapefiles often contain large features with a lot of associated data and 
historically have been used in GIS desktop applications such as ArcGIS for 
Desktop and ArcGIS Explorer Desktop. If you have a small amount of data in a 
shapefile—generally fewer than 1,000 features—you can make it available for 
others to view through a web browser by adding it as a .zip file containing the 




6.  Key Findings 
• This chapter has examined the change in total square footage of building areas 
and land use density for three study regions; present rail transit corridors, 
proposed rail transit corridors, and without rail transit corridors, from 1990 to 
2010, across five land use classes; commercial, mixed-use, industrial, multi-
family residential, and single-family residential.  
• The growth of commercial area from 1990 to 2010 has been significantly greater 
in the tracts with present rail transit corridors. The census tracts with present rail 
transit corridors have attracted 64.42% (1990-2000) and 44.83% (2000-2010) of 
the total growth of Denver County. Commercial area density has also significantly 
increased within the rail transit corridors from 1990 to 2010. 
• The growth of mixed use area has been greater in census tracts with present rail 
transit corridors. They have attracted 98.15% (1990-2000) and 49.35% (2000-
2010) of the growth of the entire county. According to the significance tests, the 
growth has been significantly greater in census tracts with present rail transit 
corridors in 1990-2000. Mixed use area density has increased in the same 
magnitude throughout the region from 1990-2000. 
• In 1990-2000, 65.66% of the multi-family residential area growth took place in 
the census tracts without rail transit corridors. However, in 2000-2010, greater 
amount of growth took place in the census tracts with present rail transit corridors, 
44% of the growth of the entire county. According to the significance tests, 
growth has been the same throughout the region from 1990 to 2010. Multi-family 
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residential area density has increased in the same magnitude throughout the 
region from 1990-2000. 
• The growth of single-family residential area has always been noticeably greater in 
the census tracts without rail transit corridors. The census tracts without rail 
transit corridors attracted 87.81% of the growth of the entire county in 1990-2000 
and 56.02% in 2000-2010. According to significance tests, the growth was 
significantly greater outside the rail transit corridors in 1990-2000. Mixed use 
area density has increased in the same magnitude throughout the region from 
1990-2000. Single-family residential area density has also increased in the same 










CHAPTER FIVE: IMPACT OF LIGHT RAIL AND FASTRACKS ON LAND USE 
IN BOULDER, JEFFERSON, ADAMS, AND ARAPAHOE COUNTIES 
 
1. Introduction 
In the Denver metro region, the present light rail corridors and the future FasTracks 
corridors not only pass through Denver County but also through other surrounding 
counties (Figure 5.1). The West Corridor passes through Jefferson County; the Gold Line 
Corridor passes through Adams and Jefferson Counties; the Northwest Corridor passes 
through Adams, Jefferson, and Boulder Counties and the related US 36 Bus Rapid 
Transit (BRT) Corridor also does the same; the North Metro Corridor primarily passes 
through Adams County; parts of the East Corridor lie within Adams County; the I-225 
Corridor lies within Arapahoe County. Among the existing light rail corridors, only the 
Central Corridor is contained within Denver County. The rest of the corridors (Southeast, 
Southwest, and their extensions) pass through Arapahoe and Douglas Counties after 
passing through Denver County.   
Even though most of the rapid transit corridors1 passing through the surrounding 
counties are still in the planning or construction phases, consolidation of land use within 
these corridors has begun. The Transit Oriented Development 2011 Status Report, 





developments taking place around the transit stations in these counties surrounding 
Denver County. The report also identifies the proposed developments to be constructed in 
future. It gives special emphasis to the transit oriented development (TOD) initiatives 
taking place around the Olde Town Station (Arvada) of Gold Line Corridor, the Boulder 
Transit Village Station of Northwest Corridor, and the Federal Center Station of West 
Corridor. Denver Regional Council of Governments (DRCOG, the MPO of the region) 
on their Transit-Oriented Development website, has also listed all of the recently 
completed and under-construction projects around the transit stations of the surrounding 
counties (DRCOG, 2012b).   
Since consolidation of land use has begun around the transit stations, especially 
through TOD initiatives, this chapter aims at comparing the developments taking place 
within the rapid transit corridors with those outside the rapid transit corridors in Adams, 
Arapahoe, Boulder, and Jefferson Counties. This analysis will examine whether the 
amount of developments taking place within the rapid transit corridors is different from 
that taking place outside the rapid transit corridors. It will fill the void in the literature on 
the impact of rail transit systems on urban areas (for details about this void in the 
literature, refer to chapter 4, section 1). This chapter complements the previous chapter 
on Denver County and draws a complete picture of the impact of existing light rail lines 
and FasTracks on land use in the Denver metro region. The chapter is arranged in the 
following manner. Section 2 explains the various methods of analysis. It also provides 
information about the study area, and the collection and processing of data. Section 3 





2.1 Method of Analysis 
The methodology has been adopted from the Bay Area Rapid Transit (BART) 
study by Cervero and Landis (1997). In that study, Cervero and Landis (1997) compared 
the changes within the BART served areas with the non-BART served areas in three 
different ways. First, the changes in total population and employment, as well as changes 
in population and employment density, have been compared. Second, changes in the total 
square footage of the building areas under different types of land use have been 
compared. Third, by calculating floor area ratios2 the land use density has been 
compared. In the current study, the area within the rapid transit corridors (mostly future 
rapid transit corridors) have been compared with the area outside the rapid transit 
corridors in all of the three above mentioned ways. As in the BART study, only 
descriptive statistics have been used to compare the area within the rapid transit corridors 
with those outside. However, a few differences between this study and that by Cervero 
and Landis (1997) are as follows. First, the population and employment data have been 
compared in less detail. Second, land use density has been compared by calculating 
kernel density3 through ArcGIS instead of floor area ratio. The calculation of kernel 
density has produced raster images which have then been converted into maps as in 
Figure 5.6 for further analysis. Third, delineation of the study areas has been done based 
on the process described in the study by Green and James (1993), as was done in the 




2.2 Study area and time period 
 
Figure 5.1 shows the entire study area. In this study, information about all the 
land parcels within the US Census Bureau defined urbanized area and the FasTracks 
corridors of Adams, Arapahoe, Boulder, and Jefferson Counties, have been examined. 
Douglas County has been excluded even though parts of the present light rail corridors 
and future FasTracks corridors lie within it because they occupy only a small portion of 
the land area. All the land parcels  that do not lie within the US Census Bureau defined 
urbanized area or the FasTracks corridors have been eliminated because FasTracks is an 
urban transit system and hence its impact on land use can be observed only within the 
urban area. Therefore, the impact should also be compared with the urban area land 
parcels and not rural area land parcels.  It should be mentioned here that the population 
and employment data have been collected at the census tract level since they were not 
available at the land parcel level. However all the census tracts that lie within the US 
Census Bureau defined urbanized area has not been included in this study. More details 
regarding the selection process of the census tracts have been provided in the next 
section. 
In this study, the time period over which change has been observed has been 
guided by the planning process timeline of the FasTracks project, since the four counties 
examined in this chapter primarily include FasTracks corridors. Environmental Planning 
and Preliminary Engineering for the FasTracks corridors began in 2005 (RTD, 2012b).  
Hence, for the purpose of analysis, the change between 2000 and 2010 has been 
considered. The year 2000 depicts the situation before the planning and construction 
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began for the FasTracks corridor, while the year 2010 depicts the situation after planning 
and construction began.  
2.3 Data 
 
The population data of all the census tracts have been collected from decennial 
census data (SF2 100% data file) of the US Census Bureau. However, data from all the 
census tracts were not included in this analysis. The census tracts that were excluded are 
as follows: 
• Census tracts that did not lie within the US Census Bureau defined 
urbanized area boundary. 
• Census tracts with parts of non-urbanized area.  
All of the 100% urbanized census tracts were divided into two categories: census tracts 
with transit corridors and census tracts without transit corridors. All the census tracts with 
more than 50% of their area falling within the present or future rapid transit corridors 
were included in the first category and the rest were placed in the second category. 
 
The 2010 employment data have been collected from the American Community 
Survey (ACS 5-year estimates) and the 2000 employment data have been collected from 
the decennial census (SF4 sample data). The employment data collected for this study is 
different from that used in the BART study and the previous chapter. The data depict the 
total number of people of age 16 and above in the civilian labor force. The total number 
of jobs data which have been used for analysis in the BART study, and also the previous 
chapter, is only available at the zip-code level. Some of the zip-codes of these four 
counties are so large that they not only include area within the rapid transit corridors but 
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also large amount of area outside the rapid transit corridors. Hence jobs data were not 
suitable for this study. However, it should be noted over here that the dataset has been 
changed only for total employment analysis and not for employment density analysis. 
The dataset that was used to analyze the employment density of Denver County in the 
previous chapter has also been used to analyze the employment density of the 
surrounding counties in this chapter. 
 
All the land parcel data have been collected from the assessors’ offices of the 
respective counties. The land parcel data were available in the following format:  
• Adams County: The geographical location of the land parcels was available 
through a shapefile. Other information about the land parcels was available 
through a separate dbf file.  
• Arapahoe and Boulder Counties: The geographical location of the land parcels 
was available through a shapefile. Other information about the land parcels was 
available through multiple text files. 
• Jefferson County: The geographical location of the land parcels was available 
through a shapefile. Other information about the land parcels was also present in 
the attribute table of the shapefile. 
The datasets collected from the assessors’ offices contain a huge amount of 
information such as owner name, owner address, site address, land use classification, 
zoning, land value, building value, total square footage of the building areas, sales 
information, and built year. From all of this information, land use classification, total 
square footage of the building areas, and built year were used to calculate the change in 
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the total square footage of the building areas from 2000 to 2010. The information was 
also used to calculate the kernel density and change in kernel density of different types of 
land use from 2000 to 2010. These calculations have been conducted in the same way as 
in the previous chapter.   
Not all land parcels within the urbanized area of the counties could be used. Several 
parcels had to be eliminated due to the following reasons: 
• Parcels did not have buildings on them because they were representing 
features such as green space, vacant land, roads, and rail. Since they did not 
have buildings, information such as the total square footage of the building 
areas and the built year was not available. 
• Parcels contained exempt properties. The assessor’s offices do not maintain 
accurate information of these properties because they do not have to collect 
taxes from them. However, information about parcels containing Urban 
Housing Authority buildings was retained wherever possible. The tax exempt 
properties could not be eliminated from the Arapahoe County land parcel 
dataset. 
• Land parcels used for industrial purposes. These counties have made no 
attempt to consolidate industrial land use within the rapid transit corridors. 
Hence it is unlikely that there will be any impact of planning and construction 
of FasTracks lines on industrial land use.  
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• The duplicate land parcels were also eliminated by dissolving the polygons 
having the same parcel number and aggregating the information of these 
parcels. 
After elimination of the above mentioned types of land parcels, 90% of the Boulder 
County, 94% of the Adams County, 93% of the Arapahoe County, and 82% of the 
Jefferson County land parcels data have been used for the purpose of analysis.  
The land parcels included in the study have been grouped into two classes on the 
basis of their geographical location: land parcels within the rapid transit corridors (any 
parcel that was contained within the rapid transit corridors or intersected the boundary of 
the rapid transit corridors), and land parcels outside the rapid transit corridors (all the 
parcels within the urbanized area but outside the rapid transit corridor boundaries). The 
aggregated value of the land parcels in these groups has been used for total square 
footage of building areas analysis. For kernel density analysis, the aggregated value has 
not been used. The value of every individual land parcel has been used for density 
calculation and growth in density calculation.  
In addition to being divided on the basis of geographical location, the land parcels 
have also been grouped on the basis of land use. The land parcels have been divided into 
three groups: commercial, multi-family residential/mixed and single-family residential. 
This land use classification scheme has been guided by the land use classification of the 
BART study and the macro-level classification scheme of the counties (the macro-level 
land use classification of these counties is similar to Denver County to certain extent. 
Hence Appendix B also gives an approximate idea about the land use classification of the 
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surrounding counties). In the BART study, the land parcels were divided into the 
following land use groups: single-family residential, multi-family residential, 
commercial/mixed, office, and industrial/other. In the macro-level classification scheme 
of the counties, it was difficult to differentiate office from commercial land use and 
mixed land use from multi-family residential land use. Hence in this study, mixed land 
use has been collapsed with multi-family residential land use and office has been 





3.1 Change in Population and Employment 
 
The total population of all the selected census tracts increased from 1.1 million in 
2000 to 1.2 million in 2010. An increase in total population was noticed throughout the 
selected census tracts except those with rapid transit corridors in Boulder and Jefferson 
Counties (Table 5.1). The highest increase in population took place in Adams County. 
The population of its census tracts with rapid transit corridors increased by 16.66% 
whereas the population of the census tracts without rapid transit corridors increased by 
14.33%. Arapahoe County experienced the second highest increase in population. Here 
the census tracts with rapid transit corridors increased at a rate of 6.12%, while the 
population of the census tracts without rapid transit corridors increased at the rate of 
6.87%. A very low increase in population took place in Boulder and Jefferson Counties. 





by 7.98% and 0.84% respectively. On the other hand census tracts with rapid transit 
corridors experienced a decline in population by 0.94% and 0.30% respectively.  
The changes in average density of population have followed the same trend as 
total population (Table 5.1). The average density of population has increased in all the 
census tracts except those with rapid transit corridors in Boulder and Jefferson Counties. 
The largest increase in average density of population has taken place in Adams County. 
The average density of population in census tracts with rapid transit corridors increased 
by 14.21 % whereas the average density of population in census tracts without rapid 
transit corridors increased by 10.62%. A very low increase in average density took place 
in Boulder and Jefferson Counties. There, the average density of population in census 
tracts without rapid transit corridors increased by 3.18% and 1.09% respectively. While 
the average density of population of census tracts with rapid transit corridors declined by 
2.68% and 0.81% respectively. 
Except in Adams County, the number of people employed in the civilian work 
force has decreased in all other counties, as is evident from table 5.2. The decline has 
been noticed in both census tracts with and without rapid transit corridors. In census 
tracts with rapid transit corridors, the decline has been 6.99%, 3.04%, and 3.85% in 
Arapahoe, Boulder, and Jefferson Counties respectively. In census tracts without rapid 
transit corridors, the decline has been of 4.58%, 7.48%, and 4.57% in Arapahoe, Boulder, 
and Jefferson Counties respectively. The number of people employed in the civilian work 
force has increased in Adams County by 5.49% in census tracts with rapid transit 




Figure 4.2 depicts the number of jobs per square mile in the Denver metro region. 
According to the map, the highest employment density (3000 jobs/square mile) is present 
in very few places outside Denver County, including the City of Boulder of Boulder 
County, the Federal Center along US 6 of Jefferson County, the border of Adams and 
Denver Counties along US 36, and north of Lone Tree around the intersection of C-470 
and I-25S in Arapahoe County. All of these places lie within the census tracts with rapid 
transit corridors. Hence the employment density is higher in the census tracts with rapid 
transit corridors than in those without the rapid transit corridors.  
 
3.2 Change in Total Square Footage of Building Areas 
Adams County: The total square footage of building areas within the rapid transit 
corridors has increased from 2000 to 2010. The increase has been noticed through all 
three types of land use: commercial, multi-family residential/mixed, and single-family 
residential (Figure 5.2A). Commercial and single-family residential area has increased by 
6 million sq. ft. and multi-family residential/mixed use area has increased by 3.4 million 
sq. ft. The total square footage of building areas used for commercial purposes was 
greater than other types of land use in 2000 and the situation remained the same in 2010.  
 The total square footage of building areas has also increased outside the rapid 
transit corridors from 2000 to 2010. The increase has been noticed through all three types 
of land use: commercial, multi-family residential/mixed, and single-family residential 
(Figure 5.2B). Commercial area has increased by 6.3 million sq. ft.; multi-family 
residential/mixed use area has increased by 7.3 million sq. ft., and single-family 




single-family residential land use was greater than other types of land use outside the 
transit corridors in 2000 as well as 2010.  
 Figure 5.2C compares the changes that have taken place within the rapid transit 
corridors with those outside the rapid transit corridors. More growth has been attracted 
outside the rapid transit corridors than within for all three types of land use. For instance, 
51.26% of the commercial area growth, 68.15% of the multi-family residential/mixed use 
area growth, and 58.83% of the single-family residential area growth have taken place 
outside the rapid transit corridors. However, when the percentage of growth attracted 
within and outside the rapid transit corridors is compared against the backdrop of the 
amount of land area present within (39.95%) and outside (60.05%) rapid transit corridors, 
the picture looks different. The rapid transit corridors have attracted a higher amount of 
commercial area growth (48.74%) than land area (39.95%) available. The rapid transit 
corridors and the non-rapid transit served areas have attracted almost the same amount of 
single-family residential area growth as land area available. The non-rapid transit served 
areas have attracted more multi-family residential/mixed use area growth than land area 
available. 
Arapahoe County: The total square footage of building areas for all three types of 
land use within the rapid transit corridors has increased from 2000 to 2010 (Figure 5.3A). 
The highest amount of growth, 10 million sq. ft., has taken place in total square footage 
of commercial areas. Total square footage of multi-family residential/mixed use areas has 
increased by 5 million sq. ft. In contrast, the amount of single-family residential area has 




commercial purposes has been greater than other types of land uses in 2000 as well as 
2010. 
 The total square footage of building areas has also increased outside the rapid 
transit corridors from 2000 to 2010. The increase has taken place in all three types of land 
use – commercial, multi-family residential/mixed, and single-family residential (Figure 
5.3B). The largest increase of 18 million sq. ft. has taken place in single-family 
residential area. Commercial area has increased by 8.5 million sq. ft. and multi-family 
residential/mixed use area has increased by 8 million sq. ft.  The amount of building 
square footage allotted to single-family residential use has been greater outside the rapid 
transit corridors in 2000 and also in 2010. 
 Figure 5.3C compares the growth that has taken place within the rapid transit 
corridors with that outside the rapid transit corridors against the backdrop of amount of 
land area available. The rapid transit corridors have attracted 54.92% of commercial area 
growth in comparison to 19.77% of the land area available. The rapid transit corridors 
also attracted more multi-family residential/mixed use area growth (37.10%) than land 
area available (19.77%). The non-rapid transit areas attracted almost all the single-family 
residential area growth (96.86%). 
Boulder County: The amount of square footage of building areas for all the three 
types of land use have increased within as well as outside the rapid transit corridors 
(Figure 5.4A & 5.4B). The magnitude of increase has differed from one land use to 
another and from one study area to the other. The increase in the amount of commercial 




(4.9 million sq. ft.). The increase in the amount of multi-family residential/mixed use area 
has been higher outside the rapid transit corridors (4.2 million sq. ft.) than within the 
rapid transit corridors (1.4 million sq. ft.). The same trend has been noticed for the single-
family residential land use that has increased by 16.6 million sq. ft. outside the rapid 
transit corridors and 2.1 million sq. ft. within the rapid transit corridors. Like the other 
counties, greater amount of commercial area is present within the rapid transit corridors 
and greater amount of single-family residential area is present outside the rapid transit 
corridors. 
Figure 5.4C compares the growth taking place within the rapid transit corridors 
with those outside the rapid transit corridors. Most of the growth has been attracted 
outside the rapid transit corridors. However, when compared with the proportion of land 
area within and outside the rapid transit corridors, the picture looks different. Areas 
outside the rapid transit corridors attracted less commercial area growth (51.80%) than 
land area available (69.90%). On the other hand, the rapid transit corridors attracted about 
one and a half times more commercial area growth (48.80%) than land area available 
(30.10%). However, the amount of multi-family residential/mixed use area growth and 
single-family residential area growth attracted outside the rapid transit corridors has been 
higher even when compared with the proportion of land area available. 
Jefferson County: The growth of commercial area within the rapid transit 
corridors has been noticeably greater than multi-family residential/mixed use area and 





grown by 8.6 million sq. ft. This is much more than the 0.7 million sq. ft. increase of 
multi-family residential/mixed use area and the 1.9 million sq. ft. increase of single-
family residential area.  
 Outside the rapid transit corridors, the amount and growth of single-family 
residential area is greater than other types of land use (Figure 5.5B). However, the 
amount of commercial area is also very high: 156 million sq. ft. in 2010, in comparison to 
231 million sq. ft of single-family residential area. The growth of commercial area has 
also been high outside the rapid transit corridors when compared with the growth of 
single-family residential area. Commercial area has increased by 13 million sq. ft. while 
single-family residential has increased by 15.5 million sq. ft. In general, the amount and 
growth of commercial area has been noticeably higher even outside the rapid transit 
corridors. 
 In Jefferson County, only 16% of the land area lies within the rapid transit 
corridors whereas 84% of the land area lies outside. This 16% land area within rapid 
transit corridors have attracted 40% of the commercial area growth, 8% of the multi-
family residential/mixed use area growth, and 11% of the single-family residential area 
growth (Figure 5.5C). Hence, when compared with the amount of land area available, 
rapid transit corridors attracted much more commercial area growth than land area 
available. The non-rapid transit areas attracted much more multi-family residential/mixed 







3.3 Change in Density of Land Use 
 
Adams County: Figure 5.6 depicts the changes that have taken place in the density 
of different types of land use in Adams County from 2000 to 2010. Density of all land 
use has increased both within and outside the rapid transit corridors. For commercial land 
use, high increase in density (HID) areas (above 600,000 sq. ft.) are present throughout 
the County. There are comparatively fewer such areas in the North Metro transit corridor 
and more such areas parallel to it. North Metro transit corridor has a noticeable amount of 
HID areas for multi-family residential/mixed land use (above 800,000 sq. ft.) and single-
family residential land use (above 1 million sq. ft.). The change in density of different 
land use does not indicate that more consolidation of land use is taking place within the 
rapid transit corridors. 
Arapahoe County: Figure 5.7 depicts the changes that have taken place in the 
density of different land use in Arapahoe County from 2000 to 2010. Unlike Adams 
County, in Arapahoe County many of the HID areas lie within the rapid transit corridors. 
Most of the HID areas for commercial land use lie within the rapid transit corridors, 
supporting the fact that more commercial area growth has taken place within the rapid 
transit corridors than outside. Density of multi-family residential/mixed land use has 
increased within the rapid transit corridors as well as outside. Outside the rapid transit 
corridors, the multi-family residential/mixed land use HID areas are located on the 
northeastern side of the County. HID areas for single-family residential land use (above 
1.5 million sq. ft.) lie primarily outside the rapid transit corridors. There is no area inside 





use has taken place. This trend in the change in density of land use to a certain extent 
indicates that commercial and multi-family residential/mixed land use is consolidating 
within the rapid transit corridors. 
Boulder County: The change in density of land use is shown in Figure 5.8. For 
commercial land use, HID areas (above 1million sq. ft.) lie both within and outside the 
rapid transit corridors. Some commercial land use HID areas of the Cities of Boulder and 
Longmont lie within the rapid transit corridors but the rest lie outside the rapid transit 
corridors. HID areas of multi-family residential/mixed land use (above 500,000 sq. ft.) 
and single-family residential land use (above 1 million sq. ft.) lie primarily outside the 
rapid transit corridors.  
Jefferson County: The change in density of land use is shown in Figure 5.9. The 
HID areas of all types of land use are present both within and outside the rapid transit 
corridors. For commercial land use, a considerable portion of the HID areas (above 4 
million sq. ft.) are present within the West Corridor. For multi-family residential/mixed 
land use, a very small portion of the HID areas (above 250,000 sq. ft.) lies within the 
Gold Line Corridor. The rest of the rapid transit corridors do not contain any multi-family 
residential/mixed use HID areas. Most of the single-family residential HID areas (above 
600,000 sq. ft.) also lie outside the rapid transit corridors, primarily in the northwestern 








4. Discussion and Conclusions 
 
 The four counties surrounding Denver County contain some parts of the existing 
light rail corridors and large sections of the FasTracks corridors that are either under 
construction or in the planning phase. Not only within the existing light rail corridors but 
also within the FasTracks corridors, that have not even started serving the public, urban 
developments are increasing rapidly, as is evident from the Transit Oriented 
Development 2011 Status Report. For instance, since 2004 in the TOD zones of the West 
Corridor – 85% of which is complete and scheduled to open in May 2013 – 102 
residential units, 425,000 sq. ft. of retail space, 280,000 sq. ft. of office space, and 
900,000 sq. ft. of medical space have been built or are under construction. In the same 
corridor, 95 more residential units and 16,000 more sq. ft. of retail space have been 
proposed to be built in future. The above mentioned statistics, and many more available 
in the Transit Oriented Development 2011 Status Report and the article by Ratner and 
Goetz (2011), clearly indicate that attempts are being made to consolidate land use 
around the existing and future rapid transit stations in Adams, Arapahoe, Boulder, and 
Jefferson Counties. The results of this chapter indicate, in a nutshell, that due to these 
efforts of consolidation, the growth of commercial area has been proportionately higher 
within the rapid transit corridors than outside the corridors. The rapid transit corridors 
have the potential to attract proportionately higher amount of multi-family 
residential/mixed use growth than areas outside the corridors. The growth of single-
family residential areas has been slow within the rapid transit corridors, keeping the 
overall density of land use higher within the corridors. 
 
220 
Commercial land use: The amount of commercial area within the rapid transit 
corridors has always remained greater than other types of land use. For instance, in 
Adams County, in 2000, the amount of commercial area was 41 million sq. ft., in 
comparison to 11 million sq. ft. of multi-family residential/mixed use area, and 26 million 
sq. ft. of single-family residential area. In 2011, the amount of commercial area increased 
to 47 million sq. ft., whereas the amount of multi-family residential/mixed use area and 
single-family residential area were 14 million sq. ft. and 32 million sq. ft. respectively 
(Figure 5.2A).  
Within the rapid transit corridors, there has also been more growth in commercial 
area than in other types of land use. For instance, in Arapahoe County, commercial area 
has increased by 10 million sq. ft. whereas multi-family residential/mixed use area and 
single-family residential area have increased by 5 million sq. ft. and 0.6 million sq. ft. 
respectively. In Boulder County and Jefferson County, despite loss of population within 
the rapid transit corridors and employment within and outside the rapid transit corridors, 
the growth of commercial area has not stopped or stalled (Figure 5.4A & 5.5A). The loss 
of employment has also not affected the growth of commercial area in Arapahoe County. 
However, when the growth of commercial area within the rapid transit corridors is 
compared with the growth outside the corridors, it is evident that the growth has been 
greater outside the rapid transit corridors except in Arapahoe County. For instance, in 
Boulder County, within the rapid transit corridors, commercial area increased by 4.6 
million sq. ft. while outside the rapid transit corridors it increased by 4.8 million sq. ft. At 
the same time, in Arapahoe County, commercial area increased by 10.4 million sq. ft. 
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within the corridors and 8.5 million sq. ft. outside the corridors. One of the reasons 
behind greater growth of commercial area within the rapid transit corridors than outside, 
in Arapahoe County, can be presence of the existing light rail lines. The southwest and 
southeast corridor light rail lines passing through Arapahoe County are already in service 
and hence have been successful in attracting greater amount of commercial growth within 
the corridors than outside. From this trend observed in Arapahoe County it can be 
predicted that after the FasTracks lines start operating in the other counties, more 
commercial growth will be attracted within the corridors than outside.  
It should be noted that the amount of commercial growth within the rapid transit 
corridors when compared against the proportion of land area available is already higher 
in all the counties along with Arapahoe County. For instance, in Boulder County, 30.10% 
of land area within the rapid transit corridors has attracted 48.80% of commercial area 
growth (Figure 5.4C).  In Adams County, 39.95% of the land area within the rapid transit 
corridors has attracted 48.74% of the commercial area growth (Figure 5.2C). In Jefferson 
County, 15.66% of land area within the rapid transit corridors attracted 42.26% of the 
commercial area growth (Figure 5.5C) 
Even though the growth of commercial area has been more prominently 
noticeable within the rapid transit corridors, high increase in density of commercial land 
use has not only taken place within the rapid transit corridors but also outside the rapid 
transit corridors For instance, in Adams County, a large section of HID areas lie along I-
25N which is parallel to the North Metro Corridor (Figure 5.6). This trend is true for 
Arapahoe County as well despite the presence of the existing light rail corridors. 
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Considering the location of the HID areas, it cannot be concluded that the density of 
commercial land use has increased more within the rapid transit corridors than outside.  
Multi-family residential/mixed land use: There is no particular pattern in the 
existence and growth of multi-family residential/mixed land use except it is not the 
dominant land use within and outside the rapid transit corridors. The total growth of this 
land use has been higher outside the rapid transit corridors in all the counties. When the 
growth is compared with the proportion of land area available, in all of the counties 
except Arapahoe, more multi-family residential/mixed land use has been attracted outside 
the rapid transit corridors than inside. For instance in Boulder County, 69.90% of land 
area outside the transit corridors attracted 74.65% of the multi-family residential/mixed 
use growth (Figure5.4C). At the same time, in Arapahoe County, 90.23% of land outside 
the rapid transit corridors attracted 62.90% of the growth (Figure 5.3C). Here again it 
should be noted that only Arapahoe County contains the existing light rail lines already in 
service. Therefore it can be predicted that once the FasTracks lines are opened to the 
public they will start attracting more multi-family residential/mixed use area than the 
available land area.   
Multi-family residential/mixed use HID areas lie predominantly outside the rapid 
transit corridors, especially in Boulder and Jefferson Counties. In comparison, Adams 
and Arapahoe Counties have many HID areas within the rapid transit corridors. The 
growth of multi-family residential/mixed land use in terms of absolute amount and 
density has been disappointing because attempts have been made to consolidate this land 
use within the rapid transit corridors which is evident from the Corridor TOD workshop 
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reports (RTD, 2012c). Hopefully the opening of the FasTracks lines will increase the 
presence of this land use within the corridors. 
Freight rail road and commercial and multi-family residential/mixed land use: 
Many of the rapid transit corridors in Adams, Arapahoe, Boulder, and Jefferson counties 
coincide with the freight rail road corridors. The Northwest corridor, Gold Line corridor, 
and the existing Southwest Corridor coincide with the BNSF freight rail road corridors. 
The East Corridor (until Pena Blvd) and North Metro Corridor coincide with the Union 
Pacific freight rail road corridors. The existence of freight rail road and huge amount of 
industrial land use along them has reduced the capability of the above-mentioned rapid 
transit corridors to attract commercial and residential land use. This may be another 
reason behind the lower growth in the absolute amount and density of commercial and 
multi-family residential/ mixed land use within the rapid transit corridors than areas 
outside the corridors despite the TOD initiatives taken in the stations areas.   
Single-family residential land use: The existence of single-family residential land 
use has been predominantly outside the rapid transit corridors. These areas have always 
had more single-family residential land use than other types of land use. For instance, in 
Adams County, in 2000, the amount of single-family residential area outside rapid transit 
corridors was 67 million sq. ft. in comparison to 22 million sq. ft. of multi-family 
residential/mixed use area, and 45 million sq. ft. of commercial area. In 2011, the amount 
of single-family residential area increased to 75 million sq. ft., whereas the amount of 
multi-family residential/mixed use area and commercial area were 29 million sq. ft. and 
51 million sq. ft. respectively (Figure 5.2B).  
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Outside the rapid transit corridors, the growth of single-family residential area has 
also been greater than the other types of land use. For instance, in Arapahoe County, 
single-family residential area has increased by 18 million sq. ft. whereas multi-family 
residential/mixed use area and commercial area has increased by 8 million sq. ft. and 8.5 
million sq. ft. respectively. Again, the loss of population within the rapid transit corridors 
and employment within and outside the rapid transit corridors did not stop or stall the 
growth of single-family residential area in Boulder County, Jefferson County, and 
Arapahoe County (Figure 5.3B, 5.4B & 5.5B).  
The growth has also been greater outside the rapid transit corridors than within 
the rapid transit corridors. For instance, in Boulder County, single-family residential area 
has increased by 17 million sq. ft. outside the rapid transit corridors whereas it has 
increased by 2 million sq. ft. within the rapid corridors. However, when this growth is 
compared against the proportion of land area present within and outside the rapid transit 
corridors, it is clear that the areas outside the rapid transit corridors have attracted more 
growth than land area available except in Adams County, where the amount of growth 
attracted is almost the same as the amount of land area available. In Arapahoe County, 
80.23% of the land area outside the rapid transit corridors attracted 96.86% of the single-
family residential area growth. In Boulder County, 69.90% of land area outside the 
corridors attracted 88.53% of single-family residential area growth. In Jefferson County, 
84.54% of land area outside the rapid transit corridors attracted 89.28% of single-family 
residential area growth (Figure 5.3C, 5.4C, & 5.5C). 
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For single-family residential land use, the HID areas lie predominantly outside the 
rapid transit corridors. In Adams County, there are also many HID areas within the 
corridors (Figure 5.6). However, in the rest of the counties, there are rarely places within 
the rapid transit corridors where high increase in density has taken place. The location of 
the HID areas indicates that density of this land use is primarily increasing outside the 
rapid transit corridors. This is a desirable trend because the growth of single-family 
residential land use is not encouraged within the transit corridors, as is evident from the 





1. In this chapter, the term ‘rapid transit corridors’ refers to the existing light rail 
corridors and the future FasTracks corridors. The term ‘rapid transit corridors’ has 
been used instead of ‘rail transit corridors,’ as in the previous chapters, because 
the FasTracks project includes a BRT line. This BRT line has also been studied in 
this chapter, despite the fact that it is not a rail transit, because similar land use 
consolidation efforts are taking place around its stations and it is a part of 
FasTracks. 
2. Floor Area Ratio is the ratio between building area and the lot area on which the 




3. Kernel Density calculates the density of point features around each output raster 
cell. Conceptually, a smoothly curved surface is fitted over each point. The 
surface value is highest at the location of the point and diminishes with increasing 
distance from the point, reaching zero at the search radius distance from the point. 
Only a circular neighborhood is possible. The volume under the surface equals the 
Population field value for the point. The density at each output raster cell is 
calculated by adding the values of all the kernel surfaces where they overlay the 
raster cell center. The kernel function is based on the quadratic kernel function 
described in Silverman (1986, p. 76, equation 4.5) – ESRI, 2012. 
 
6.  Key Findings 
• In this chapter, the change in total square footage of building areas and land use 
density, in the surrounding counties have been computed and analyzed for two 
study regions (rapid transit corridors and outside rapid transit corridors), from 
2000 to 2010, across three land use categories (commercial, multi-family 
residential/mixed, single-family residential).   
• In each county, greater amount of commercial area growth was attracted within 
the rapid transit corridors than outside when compared to the amount of land area 
available within and outside the rapid transit corridors. For instance, in Adams 
County, 48.74% of commercial area growth was attracted to 39.95% of land area 
available within the rapid transit corridors.  
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• Except in Arapahoe County, greater amount of multi-family residential/mixed 
area growth was attracted outside the rapid transit corridors when compared to the 
amount of land area available. For instance in Boulder County, 74.65% of the 
growth was attracted outside the rapid transit corridors compared to 69.90% of the 
land area available.  
• Except Adams County, greater single family residential area growth was attracted 
outside the rapid transit corridors than land area available. For instance, in 
Jefferson County, 89.28% of single-family residential area growth was attracted 
outside the rapid transit corridors compared to 84.34% of land area available.  
• Commercial land use density has increased primarily within the rapid transit 
corridors. However, there were places outside the corridors where greatest 
increase in land use density has occurred.  
• Multi-family residential/mixed land use density has increased both inside and 
outside the rapid transit corridors. 
• Single family residential land use density has primarily increased outside the 
rapid transit corridors. 
• In Adams County, a large section of the developments were attracted parallel to 
the rapid transit corridors primarily because the rapid transit corridors are located 
in the freight railroad right-of-way. It is difficult to attract any kind development 







CHAPTER SIX: CONCLUSIONS 
 
The primary objective of this study has been to examine the success of the 
existing light rail system and future FasTracks system towards achieving two important 
goals – reducing traffic congestion and consolidating land use within the system’s 
corridors—behind their operation and construction.  
From this study, it can be concluded that in Denver metro region, traffic 
congestion reduced for a short period of time on some of the highways near the existing 
light rail lines and different types of land use especially commercial land use are 
gradually consolidating around the existing light rail and future FasTracks lines. These 
conclusions are similar to the conclusions drawn by several other authors conducting 
similar kind of studies. For instance, Knowles (1996) in a study on Greater Manchester’s 
Metrolink light rail system (U.K) indicated that reduction in traffic congestion due to 
operation of rail transit system is a short term phenomenon because traffic congestion is 
self-regulating and hence the road space vacated by car users switching to rail transit is 
again filled up by newly generated car trips. The results of this study also indicate that 
traffic congestion has reduced on some of the highways, immediately after light rail 
operation began, for a short period of time. The study by Cervero and Landis (1997) on 
BART has indicated that consolidation of land use has varied with type of land use and 
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also from one corridor or station to another due to interplay of various factors. The results 
of this study also indicate that commercial land use has consolidated within the rail transit 
corridors more than the other types of land use. Greater land use consolidation has taken 
place in Denver County than the surrounding counties, primarily because the rail transit 
system first started operating in Denver County. 
The above-mentioned desirable changes can last for a long time or can become 
permanent only if supported by other local and national policies and conditions. Rail 
transit system alone cannot reduce traffic permanently or continue consolidating land use 
around the rail transit lines. This is why traffic reduced along some of the highways near 
the existing light rail lines only for a short period of time. The local governments and the 
planning agencies, besides construction of the light rail system, did not implement any 
other measure to reduce traffic in Denver metro region in the past two decades. Probably, 
by imposing congestion pricing and converting the part of I-25S and I-225 parallel to 
light rail lines into toll roads would have reduced traffic permanently in the vicinity of the 
existing light rail lines.  
At the same time, to consolidate land use around the present and future rail transit 
lines, several initiatives, besides construction of the rail transit system, have been taken in 
the past decades such as creation of the transit oriented development (TOD) areas and 
rezoning of these TOD areas to support dense mixed use developments. As a result, 
consolidation of different types of land use is still continuing around the existing light rail 
lines. This is especially true for commercial and multi-family residential land use. It has 
also been possible to stall the growth of single-family residential land use around the 
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existing light rail lines.  Such land use consolidation initiatives have also been taken 
around the future rail transit lines despite the fact that many of them are within freight rail 
road corridors and already have huge amount of industrial land use. Commercial land use 
is showing signs of consolidation around the future rail transit lines. Probably, it will take 
longer for the other types of land use such as multi-family residential and mixed use to 
consolidate around them. A study conducted about five years after the proposed rail 
transit lines start operating, may reflect that multi-family residential and mixed land use 
has consolidated around them. 
The results of this research should be interpreted carefully because of the various 
limitations of the study:  
• The results have been affected by the unavailability of data. For instance, V/C 
ratio data were not available for the entire study time period. Sufficient amount of 
employment density data were also not available for detailed analysis. Parts of the 
VMT data and land parcel data had to be eliminated because of missing 
information and inconsistency between the data sets.  
• Traffic congestion and land use developments are affected by several factors other 
than rail transit system. Even though this study has tried to isolate the impact of 
the rail transit system on the above-mentioned aspects, it is possible that the 
impact of the rail transit system has not been completely isolated.  
• In this study firm boundaries have separated the areas influenced by the rail 
transit system and areas not influenced by the rail transit system. In reality, there 
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are no firm boundaries dividing these two types of areas. The boundary between 
them is fuzzy and differs from place to place.  
• In this study, the problem of spatial autocorrelation has not been considered or 
measured before conducting the analysis. Spatial autocorrelation is a measure of 
the influence that neighboring spatial units have on the location and value of a 
particular spatial unit (Vasiliev, 1995). For instance, commercial land use density 
is very high in traditional central business district of Denver County. As a 
consequence, areas adjacent to the traditional central business district also have a 
high commercial land use density (Figure 4.7). The commercial land use density 
of the central business district has influenced the commercial land use density of 
the surrounding areas. Like the aforementioned examples, if similar values are 
clustered together in space then that phenomenon is considered to be positive 
spatial autocorrelation. Whereas if similar values are regularly dispersed in space 
then that phenomenon is considered to be negative spatial autocorrelation. 
(Vasiliev, 1995). In studies where spatial autocorrelation exist, the results of 
statistical tests should be considered carefully (ESRI, 2013).  
In this research, spatial autocorrelation within the values of spatial units have not 
been examined. This can affect the results of the statistical significance tests 
conducted to understand the difference in growth of different land use within and 
outside the present and proposed rail transit corridors in Denver County (Chapter 
four). For instance, the growth of commercial land use has been significantly 
greater within the rail transit corridors than outside the corridors in Denver 
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County from 1990-2010. Since areas within the rail transit corridors have 
attracted a large amount of commercial land use, it has been unable to attract 
other types of land use. Therefore the growth of other types of land use has not 
been significantly greater within the rail transit corridors in Denver County from 
1990-2010. The statistical significance test (Wilcoxon/Krushkal Wallis test) has 
taken into account the non-spatial dependency within the variables. However, it 
does not consider the spatial dependency that exists within the location and value 
of the spatial units examined in the research. In future, Global Moran’s I test 
should be conducted to examine the spatial autocorrelation within the values and 
location of the spatial units (ESRI, 2013). 
Future research endeavors will be directed towards the following issues: 
• Change in traffic on the highways in the vicinity of the future FasTracks 
lines.  
• Removal of inconsistencies in the Volume-to-Capacity ratio data sets. 
Thereafter, analyzing change in traffic congestion in terms of Volume-to-
Capacity ratio.  
• Conduct significance test on the growth of different types of land use in 
the counties surrounding Denver County.  
• Identify factors other than rail transit affecting traffic and land use 
developments in Denver metro region. Thereafter isolate those factors 
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